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EDITORS' PREFACE. 


Notwithstanding the large number of scientific 
works which have been published within the last few 
years, it is very generally acknowledged by those who 
are practically engaged in Education, whether as 
Teachers or as Examiners, that there is still a want of 
Books adapted for school purposes upon several 
important branches of Science. The present Series 
will aim at supplying this deficiency. The works 
comprised in the Series will all be composed with 
special reference to their use in school-teaching; 
but, at the same time, particular attention will be 
given to making the information contained in them 
trustworthy and accurate, and' to presenting it in 
such a way that it may serve as a basis for more 
advanced study. 

In conformity with the special object of the Series, 
the attempt will be made in all cases to bring out the 
educational value which properly belongs to the study 
of any branch of Science, by not merely treating of its 
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acquired results, but by explaining as fully as possible 
the nature of the methods of inquiry and reasoning 
by which these results have been obtained. Con- 
sequently, although the treatment of each subject 
will be strictly elementary, the fundamental facts 
will be stated and discussed with the fulness needed 
to place their scientific significance in a clear light, 
and to show the relation in which they stand to the 
general conclusions of Science. 

In order to ensure the efficient carrying-out of the 
general scheme indicated above, the Editors have 
endeavoured to obtain the co-operation, as Authors 
of the several treatises, of men who combine special 
knowledge of the subjects on which they write with 
practical experience in Teaching. 

The volumes of the Series will be published, if 
possible, at a uniform price of ir. 6^. It is intended 
that eventually each of the chief branches of Science 
shall be represented by one or more volumes. 

G. C. F., 

P. M. 



PREFACE. 


This, volume on the ‘ Classification of Plants/ along 
with the volume on ‘ Morphology and Physiology ^ 
already published in the same Series, is intended to 
serve as a basis for the botanical teaching in the 
higher classes of Schools, and also to supply the 
wants of Medical and other students. For the junior 
student it will be enough, in the first instance, to 
study the introductory remarks in each chapter and 
the description of the ‘Classes.^ This will enable 
him to complete the brief outline of the Classes of 
Plants given in the last chapter of the volume already 
referred to. In most cases some special example of 
each ‘ Class ' has been described at considerable length 
and fully illustrated, the descriptions of the figures 
often containing additional information, for which 
there was no room in the text. The more advanced 
student may proceed to the study of the ‘Orders.’ 
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These, for convenience, have been numbered conse- 
cutively, from the lowest to the highest ; but I must 
warn the student against supposing that the mutual 
relationships of these orders can be shown by any lineal 
arrangement. The ' Orders ' have been made to in- 
clude a number of * Families,* each usually equivalent 
to the so-called ' Natural Orders ’ of many of the 
older botanical books. The characters of the more 
important families of the Thallophytes, Bryophytes, 
Pteridophytes, and Archisperms have been given, 
but no attempt has been made, from want of space, 
to treat of the families of Monocotyledons and Dico- 
tyledons. 

A brief account of the Geological Distribution of 
the different groups has been given ; but space did 
not permit of more than occasional notices of the 
Geographical Distribution. 

It cannot be pointed out too often that a sound 
knowledge of Botany is not to be obtained from the 
mere study of Text-books, apart from the careful 
examination and comparison of actual plants. Hence, 
while the junior student should content himself 
at the outset with the systematic study of the Classes, 
he should investigate, with microscope, lens, knife, 
^nd needle, such members of the different groups as 
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may be accessible to him. At the same time, he 
should begin the practical study of individual plants, 
by taking the first flowering plant he can get, and 
making as far as possible an exhaustive study of it, 
ascertaining the name and family to which it belongs. 
When perhaps a dozen forms have been thus 
studied, the student can readily use a ‘ Flora,' and 
study the plants in his own neighbourhood. I have 
found such practical work of great value, my Syste- 
matic Lectures being always accompanied during the 
whole session with demonstrations from any flowering 
plants that can be got for the purpose. 

As in the volume on Morphology and Physiology, 
so in this, I have made ample use of Sachs' * Text- 
book of Botany,’ of Prantl’s ‘ Lehrbuch der Botanik,’ 
and Luerssen’s ‘ Gnmdzuege der Botanik,’ and have 
again to tender my most grateful acknowledgments. 
Lastly I have to tender my thanks to the Dele- 
gates of the Clarendon Press, for consenting to allow 
the woodcuts from Sachs’ ‘ Text-Book of Botany ’ to 
be used in this volume, and also in the preceding one 
on ‘ Morphology and Physiology * already published. 
Better woodcuts could not be obtained. As my two 
little books will serve as an introduction to the cele- 
brated Text-book of the distinguished German 
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Botanic the student after mastering them may well 
proceed to study the admirable translation of Sachs, 
pubiyied in the Clarendon Press Series. It is a 
Text-book no teacher can possibly do without, a^ 
must be studied by every student idio wishes to 
distinguish hinoself in Botanical Science. 

W. R. McNab. 

Royal College of Science, Dublin : 

May 3, 1878. 
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BOTANY. 


SPECIAL MORPHOLOGY AND OUTLINES OF 
CLASSIFICATION OP PLANTS. 


CHAPTER I. 

THE THALLOPHYTES. 

Sub-Kingdom L- THALLOPHYTA 

The plants known familiarly as sea- weeds, funguses, 
and lichens, belong to the sub-kingdom Thallophyta. 
The plant-body consists of a thallus, in which the 
separation into stem and leaf is not observable. Many 
of the thallophytes consist of a single cell during the 
greater part of their life, and in the higher forms, 
whose external construction is still simple, the thal- 
lus consists of a series of uniform cells, or at most 
the external cells differ but slightly from those in the 
interior. The transition from the Thallophyta to 
the next sub-kingdom, the Bryophyta, is not an 
abrupt one, hence in some of the higher thallophytes 
a separation into stem and leaf may almost be noticed, 
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while in the lower bryophytes the thallus is still to be 
met with* Indeed it is difficult to give any general 
characters for thallophytes, and it is only by the study 
of selected forms that a comprehensive view of the 
whole can be obtained. 

The cells of the thallophytes are often extremely 
simple, being sometimes masses of protoplasm without 
a nucleus, and often with no cell-walls. In other cases 
the simple naked masses of protoplasm are furnished 
with vibratile cilia. Very often, however, in the thal- 
lophytes highly organised cells are to be met with, 
having a much more complex construction than those 
of the higher plants. 

The modes of sexual reproduction are very varied, 
and in many a well marked alternation of generations 
exists. In the lowest forms no sexual reproduction 
has as yet been discovered. In the higher forms 
three distinct modes have been described, and by 
these the higher thallophytes may be divided into 
three classes. It must be borne in mind, however, 
that these classes are as yet only provisional, as in 
many cases our knowledge is defective, and in large 
groups, the true mushrooms, for example, we have 
no accurate information regarding the sexual repro- 
duction. 

'When the two elements necessary for sexual repro- 
duction are indistinguishable in size and appearance, 
their union is called conjugation. It is the simplest 
variety, the two elements being still undifferentiated 
masses of protoplasm, and by their union a zygospore 
fe' produced In some of the plants in which coiyu- 
gatioh occurs, slight differences in the appearance of 
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the two conjugating cells may be noticed. In the 
second group of thallophytes the difference between 
the two reproductive cells is very great ; the one, the 
oosphere, or germ-cell, being enormously larger than 
the other, the spermatozoid or sperm-cell After 
fertilisation, or the union of one or more minute 
spermatozoids with the oosphere, the oosphere becomes 
the oospore. In the third group we have the presence 
of a structure called the carpogonium, or female ele- 
ment, which supplies the material for the growth of 
the sporocarp, and may consist of two or more cells. 
Fertilisation is effected by spermatozoids, or by a 
kind of conjugation ; the spermatozoids being very 
minute and only stimulating the carpogonium to fur- 
ther development. The sporocarp differs in different 
groups. It may be very simple or very complex, and 
even capable of independent growth. The sporocarp 
consists of two parts — a fertile part, derived from the 
germ-cell after fertilisation, and producing sooner or 
later one or many sj^ores, and a case or external cover- 
ing not developed from the female reproductive organ, 
but produced as a result of fertilisation and inclosing 
all the spores developed from it. 

The thallophytes may thus be separated into four 
classes. The Schizophyta or Protophyta, in which 
no sexual reproduction is as yet known, and includ- 
ing organisms which from their low degree of organis- 
ation probably have no such mode of reproduction. 
The Zygosporeae include all those forms in which 
conjugation and the formation of zygospores occurs. 
The oospore characterises the Oospore® j and the 
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prodoction of a complex structure, gtvii^ rise to the 
carpospores, limits the group of the Carposporese, 
Besides the formation of spores which result either 
directly or indirectly from a process of sexual repro- 
duction, bud*cells or gonidia are frequently pro- 
duced, and multiply the plant non-sexually. These 
non-sexual reproductive cells may be variously pro- 
duced, as, for example, on minute sterigmata, and hence 
called stylogonidia; or inside an envelojje, endogonidia. 
In other cases four may be developed together inside 
a cell, tetragonidia ; or they may have cilia and be lo- 
comotive, the zoogonidia. All these numerous* forms 
are connected with agamogenic reproduction. 

The thallophytes, having a soft cellular body, 
usually without hard parts, and never having any 
structure resembling fibro-vascular bundles, are not 
likely to be preserved in a fossil state. Schimper, 
however, enumerates eighty-two genera, and 353 
species of thallophytes. The Schizophyta are repre 
sented by a species of Nostoc from the Tertiary. The 
Zygosporeae are chiefly represented by the Diatoma- 
ceoe, many deposits of a fossil or sub* fossil nature 
being found among very recent strata. Castracanc 
has, however, detected numerous marine and fresh- 
water forms in brown coal of Miocene age, nearly all 
belonging to living genera and species. Coal from 
the Carboniferous rocks from the neighbourhood of 
Liverpool, from Newcastle, Scotland, and St. Etienne, 
jrielded several fresh-water forms, all belonging to 
living genera and species. Forms allied to Conferva 
occur abundantly in the Tertiary. Of the Oosporeae, 
Caulerpites occurs from the Silurian to the Eocene, and 
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Caulerpa in the Tertiary. Fucoides occurs in pre**cdi'* 
boniferous strata, and Fucus itself in the Eocene. The 
Carposporeae are well represented by Florideae and 
Characeae. Thus forty species of Chara are met with 
from the Triassic to the Tertiary ; and the Florideae 
are represented by Sphaerococcites and Chondrites, 
from the lias to the Miocene, Delesseria from the 
Chalk to the Miocene, and is still living. Corallina 
occurs from the Silurian up to the present, and the Old- 
hamia of the Cambrian is probably one of the Flori- 
deae. Colourless Carposporeae are not unfrequent in the 
Terti^, many of the genera being identical with those 
still living, and belonging chiefly to the Pyrenomycetes 
(as Sphaeria) and Hymenomycetes (as Polyporus). The 
lichens are represented by ten genera in the Tertiary, 
all the genera being still living, as Parmelia, Rama- 
lina, Cladonia, Usnea, Lecidea, and Graphis. 

Class I.— SCHIZOPHVTA or PROTOPHYTA. 

This class, which is to a great extent provisional, 
includes the simplest and the smallest plants with which 
we are acquainted. In some the protoplasm is not se- 
parated into coloured and colourless portions ; many 
have the whole tinged with a peculiar blue colouring 
matter, phycochrome or phycocyan, while a few pos- 
sess chlorophyll. In many instances no nucleus exists 
in the cell, and the cells themselves may be so minute 
as to require the highest magnifying powers for their ex- 
amination, and even then can scarcely be resolved into 
wall and granular or homogeneous contents. The wall 
in many of the higher forms becomes gelatinous. The 
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cells are variously aggregated, or may be altogether 
separate \ when aggregated they form rows, surfaces, 
or masses of cells, and in many cases colonies are 
formed in a gelatinous investing case. Often the 
cells are all similar, but in some of the filaments 
different forms may be developed. Movements of 
the cells frequently occur, and in Spirillum one cilium 
is developed at each end. It is probable that zoogo- 
nidia do not occur. No sexual reproduction has as 
yet been observed, only agamogenesis by division ; 
hence the name Schizophyta, which has been applied 
to the group by Cohn. 


A. Schizophyta with Green or Blue- Green 
Colouring Matter. 

Order I. Cyanophycese. — Blue-green, very rarely 
Fig. 1. purple or red, algse ; cells 

without a nucleus. Chloro- 
phyll and phycocyan present. 
The phycocyan or phyco- 
chrome is soluble in cold fresh 
water, the solution being 
blue by transmitted light and 
red by reflected. 

Family i. Chroococcacece . — 
The rounded cells are either 
separate or in families en- 
thfch" Ihe gelatinous matter, 

daughter cells are surrounded ChrOOCOCCUS and GloSOCapSa 
and enclosed by tlie gelatinous v ^ 

walls of the mother cclb, ; llVe lU Wet places (fig. l). 

Fam. 2 . M>s/<,caaa,-The 
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B 

Filament of Nostoc, -^ ( x ^oo diameters) ; 
end of filament of Oscillatoria (x 300 
diameters). (After PrantL) 


plants are moniliform threads united into masses by 
gelatinous matter. They are found in water or on wet 
earth and mosses (fig. 2, a). 

Fam.3. 12 . 

latoriacecB, — ^ 

Very narrow fila- 
ments with ex- 
ceedingly fine 
transverse walls. 

They occur gene- 
rally in masses in water or on wet earth, and are distin- 
guished by their remarkable oscillating movements 
(fig. 2 ;b). 

Fam. 4. Rmdariacece, — Whip-like threads arranged 
in a radiating manner, each thread with a large basal 
cell, the whole forming a greenish gelatinous mass, 
either free or attached to water-plants. 

Fam. 5. Scytonemacem , — Branched threads each 
with a thick dark-brown gelatinous sheath, and bluish 
green contents. 

Order II.*— ChlorophyllopliycesB. Cells containing 
chlorophyll only. 

Fam. I. PalmellacecB . — Cells separate or in colo- 
nies imbedded in gelatinous matter. No phycochrome 
present along with the chlorophyll. To a great 
extent they repeat the forms of the Cyanophyceae, and 
are probably the early stages of higher forms, and not 
separate plants. 

Fam. 2. Euglencce, — Euglena, generally considered 
one of the Infusoria, may possibly belong to this group 
of plants. 
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B. Schizophyta^ without Chlorophyll. 

The peculiar plants usually considered as a special 
group of fungi, called the Schizomycetes, are to be 
plac^ here They exhibit close affinities to the Os- 
cillatoriaceae and Nostocacese. Related to the Schizo- 
mycetes, but differing in many respects, is Saccharomy- 
ces, the yeast plant 

Order III. Schizomycetes. — Extremely minute 
plants found in putrefying matters, multiplying by divi- 
sion of the cells in one direction only. The cellsaDre very 
minute and simple, often exhibiting movements, with 
one or more cilia, and at other times imbedded in a 
gelatinous matrix, the zoogloea stage. Bacterium, 
Vibrio, and Spirillum may be taken as illustrative 
forms (fig. 3). Sarcina occurs in the contents of the 
stomach of animals. 

Fam. I. Bacteriacea, — ^The Bacteria are divided 
into the following tribes : — 

1. Spharobacteria. — Cells spherical, including the 
genus Micrococcus. 

2. Microbacteria. — Cells very small, cylindrical, in- 
cluding the genus Bacterium. 

3. Desmobacteria. — Cells filiform, including two 
genera. 

(i.) Bacillus. — Cells straight. 

(2.) Vibrio. — Cells curved. 

4. Spirobacteria. — Cells spirally twisted. 

(i.) Spirochate. — Spiral close, of several turns. 

(2.) SpirUlupi-SpirsA open, of few turns. 

Order IV. Saooharomyoetes. — ^The yeast plant 
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consists of small oval or rounded cells, either free or 
united in simple or branching rows. The wall surrounds 
the protoplasmic contents, which are colourless, slightly 
granular, with no nucleus but possessing one or more 

Fig- 3. 



Forms of Schizomycetes x 650 diams- 

rt, Micrococcus prodigiosus (Monas prodiinosus, Ehr); b. Bacterium Termo 
^oogloea stage); t, Bacterium Lineola; d. Bacillus Ulna; Vibrio 
Kugiua ; Spirochaste plicatilis ; Spirillum volutans. (After (^hn.) 

vacuoles. During the growth of the plant alcoholic 
fermentation is set up by it in the saccharine liquid 
required for its nourishment. Under certain condition*?, 
as when grown on a slice of a boiled carrot or on 
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Fig 4 


a dab of plaster of PariSi four cells devdope in ^ 
interior the yeast These germinate and 
again give rise to rows of cells (fig. 4). The cells also 

multiply by dmsion^a 
small daughter cell be- 
ing produced at the side 
of the mother cell, divi- 
sion occurring in any di- 
rection. Saccharomyces 
cerevisiae and Saccharo- 
myces mycoderma (My- 
coderma vini), are the 
best known species of 
the group. ITie tempe- 
rature at which the fer- 
mentation of beer wort 



The Yeast-plant, Saccharomyces ce^ 
m'tsite 

a, rounded cells from ‘bottom yeast,* 

r hours after sowing in beer wort ^ 

, row of oval cells nom ‘ top yeast * 

(x 400 dtams), r, ‘bottom yea.st‘ 
after cultivation on a piece of carrot, 
four cells forming in the interior of 
the parent cell , a, the four cells 

(x 75odiams.) (After Reess ) t;akes plaCC modificS the 

form of the cells. Thus in strong English ale and 
porter the cells are o\ al, and come to the top of the 
vat. In German beer, such as Bavarian, the yeast 
remains at the bottom of the vat, and the cells 
are rounded. In the formation of ‘top yeast' the 
temperature required is from 14° to 18® Cent., while 
‘ bottom yeast ' is produced at a temperature of from 
4® to 10® Cent. 


Class II.— ZYGOSPORES. 

The simplest form of sexual reproduction, namely 
that known as conjugation, is here to be met with. 
The essential feature of the process is, that the two 
elements, whose union is necessary in all sexual re- 
production, are not distinguishable one from the 



other by ai^ eihenutl chuacters, so that we canaot 
affirm whidh is the male aod whkh the female. In 
some cases a slight difference is to be noticed, but 
die diffidence is never very great. The conjugating 
cells are either stationary or locomotive. M^en 
locomotive they are ciliated zoospores. Two, three, 
or many cells may unite. The result of conjugation 
is the production of a zygospore, or in the Myxo- 
mycetes the production of the plasmodium by tihe 
union of many masses of protoplasm. 

Dodel has pointed out that in Ulothrix, ciliated 
zoospores of various sizes are produced, from two to 
fourteen in a cell. The large ones are non-sexual and 
develop a new plant at once. The small ones are 
sexual and conjugate, but according to Dodel the 
small ones may, under certain circumstances, also 
grow directly into new plants if they have by any 
chance failed to conjugate. 

The conformation of the thallus is very different 
in different groups of the Zygosporeai In many cases 
we have separate cells, or cells which become de- 
tached from each other (eremoblasts of Sachs) ; in 
other cases cell rows or cell surfaces. In one of the 
divisions the cells are united to form a colony or 
coenobium. 

In the Zygosporeae forms both with and without 
chlorophyll occur, but no phycochrome is to be met 
with. 

The Zygosporeae may be divided into two groups 
according as the conjugating cells are stationary or 
locomotive. 



it 


A. CtUs icmmikfiL 

Many green alg» produce zygospores whidi Kit 
the result of the conjugation of two zoosporea In 
general two kinds of zoospores are produced Itie 
larger ones^ Macrozoogonidia, are concerned in non- 
sexual reproduction only, one or more beingproduced 
by division of the protoplasm of a vegetative cell 
After a period of activity they come to rest, germinate, 
and produce a new plant The microzoospores are 
produced in cells by segmentation, like the larger ones, 
but frequently on different plants or on differeot parts 
of the same plant. The microzoospores are sexual, 
as they conjugate and produce a zygospore, which, 
after a period of rest, germinates and produces a new 
plant 

The Zygosporeae with locomotive conjugating cells 
include fonns both with and without chlorophyll. 
The Confervaceae and Ulvaceae may be taken as 
examples of the former, while the remarkable funguses 
known as the Myxomycetes belong to the latter. 

I. With Chlorophyll, 

Order V. Zoosporese. 

Fam. I. Pandorinex , — Pandorina is a remarkable 
unicellular alga united into colonies which swim freely 
about in water. The colony consists of sixteen zoo- 
gonidia, united into a spherical mass by a gelatinous 
investment, from which the cilia project Each of 
the sixteen zoogonidia breaks itself up into sixteen 
new zoogonidia, thus forming sixteen new colonies or 
coenobia. This is the n on-sexual reproduction. The 



iactial Jtfjmdiiiit^ bc^nsin the same imjr« thenar 
cotonia sepaiating into zoospores whidi vaiy in size» 
and whe^ conjugation occurs it is between a laige and 
a small zoospore (fig. 5,pp. 14, 15,) 

Fam.2, Hydrodictyea. — The Hydrodictyon consists 
of numerous cylindrical cells, united to form a wide 
meshed saolike net, several inches in length. The 
contents of the individual cells break up into macro- 
zoogonidia and microzoospores. Themacrozoogonidia 
unite to form a * net ^ which is set free by the rup 
ture of the mother cell The microzoospores are set 
free, and probably conjugate, as united zoospores were 
observed twenty years ago by Cohn (fig. 6, a, b, c,p. 16). 

Fam. 3. Filamentous algae, living in 

salt or fresh water. The filaments may be simple, as 
in Conferva ; or branched as in Cladophora. Microzoo- 
spores and macrozoogonidia are produced, probably 
by different plants, and conjugation has been observed 
to take place between the microzoospores of Clado- 
phora (fig. 7 and 8. p. 17). 

Fam, 4. Uivacecs, — Ulva consists of polyhedral 
cells united to form a flat cell-surface. They are 
marine algae, often of some size, and either simple or 
branched, or sometimes tubular, Enteromorpha, Both 
macrozoogonidia and microzoospores exist, and con- 
jugation has been observed to take place between the 
latter (fig. 9, p. 18). 

2. Without ChhrophylL 

Order VI. Myxomycetes,— Sachs places the Myxo- 
mycetes in the group of the Zygosporeae. The spores 
of the Myxomycetes rupture, and the protoplasm 
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Fig. 5 




Pcaidofina Moruvi, 


A, tton-iexual colony or coenobium of x6 zoogonidia : red spot : 

tran^iareiit anterior end ofzoogonidiuro to which the two cilia are attached : 
B, sucteen young sexual colonies about to leave the gelatinous wall ; C, 
a colony large (iemalt) soospores, the cells escaping ; />, coIoBy of 



Myxomycetes. 





small (male) zoospores; F, G, conjugating zoospores (<», fe male ; l\ 
male) ; zygospore in resting stoge (red) ; 7, A", germinating zygospore, 
the contents escaping as a large red ciliated zoospore ; new colony 
formed by division oi very young stage ; same colony as Zr in a 
further stage of ^velopment (After Oersted.) 



Qtmi^eeHm if Pkmit, 

forming uiiidliate2oo6i.ores which soon toseihe 
ciltaand become atnceboid. (Hg. ii,p. si). The amcB' 

Frs 6. 


A 



Hyfrodictyon utrtculafnm 

A, cells of the net(x 200) /t, the individual cells one the cells 
opening and permitting the escape of many small zoospores , C, cdl with 
contenu breaking up into new cells, macroeoogonidia these arrange 
themselves to form a new net, which escapes by rupturing the wall of the 
parent cell (After Ciersted ) 

boid particles of protoplasm run together and produce 
a Plasmodium^ or compoiird zygospore, by a sort of 






Myxmyeetet. 


li 

i^]e8aleo(>Djiigat»}ii. Theplasmodiumorcompoaod 
zygospore ultiniately developes spores by a more of 
less complicated process. The plasmodium does not 
consist of cells, but is a living moving mass of proto- 
plasm, often of some size, and exhibiting movements 

Fig. 7. Fig. 8. 



Apex of ihallus of Ciado- Zoogonidu of Clado^h<fna 

Phora glomerata Zoo- s^omerdta free and ciliated 

gonioia escaping by above, genninating below, 

opening (/«) from upper (After Oersted.) 

cell liic two lower 
cells still filled with 
young 2o<^onidia 
(Alter Orated ) 

in its interior (fig. 10, p. 19). The whole plasmodium 
generally becomes converted into the club-shaped or 
spherical sporangium^ in the intenor of which the 
spores are developed, generally in the meshes of a 
11. c 
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special structure, the Capillitium (fig. loa, p. 20). 
The spores when liberated, rupture, and the contents 
escape as the uniciliate zoospores above described. 

B. Conjugating Cells Stationary, 

I. Forms containing Chlorophyll, 

These include the group of Algae, known as the 
Conjugatae, to which belong the Zygnemaceae, Des- 
midiaceae, and Diatomaceae. 

Fig. 9. 



Portion of the thallub of Ulva. 

Cells filled with young zoogonidia ; opening by which the zoogoniJia 
escape from the cells ; c, free ciliated zoogonidia. (M^ter Oersted.) 

Order VIL CoiqtigataB. 

Fam, I. Zygnemaceoe , — The Zygnemaceae consist 
of cell-rows, forming long filaments. They live in 
floating masses in fresh water. The chlorophyll is 
generally arranged in a characteristic manner, being 
spiral in Spirogyra (fig. 12, p. 22), and in stars in Zyg- 
nema. No zoospores are formed, non-sexual repro- 
duction of the cells taking place by division, the sexual 





Mesocarpea. 

reproduction by conjugation. Generally the zygo- 
spore is formed in one of the cells of the filament 
(fig. 13, p. 23.) 

Fig. 10. 



A, porlion of the plasinodium of Dtdvmium lcutcf>us . the n.ore granular 
central part of the threads (x 350). (After Sachs.) 


Fain. 2. Mesocarpcce,— Like the Zygnemaceae, but 
the zygospore forms in the tube between the conjuga^ 
ting cells. In Mesocarpus the chlorophyll assumes 
the form of plates. 


C2 
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Fam. 3 * De$$m^acm.^}3ii. 
cellular algie or rarely filameii* 
tous, the cells often assuming 
very beautiful forms. They 
multiply by division, and sexual 
reproduction takes place by 
conjugation. Closterium, Cos- 
marium (fig. 14, p. 24), and Euas- 
trum may be taken as examples. 

Fam. 4. Diatoinaccie, — The 
Diatoniaceae are unicellular 
plants, with silicious cell walls, 
the green colour of the chlo- 
rophyll is obscured by the 
presence of a brownish-yellow 
colouring matter. The cell con- 
sists generally of two flat por- 
tions which are silicious, each with 
a girdle band of cellulose, oiie 
enclosing the other like the 
bottom or lid of a pill-box (fig. 

?• 25). The cells divide, 
i? and c sporanga of cach half of the ccll forming a 
new silicious valve and g.rdle 
Sexual reproduction is 
by means of conjugation. The 
individuals, when they have reached their minimum 
size by division, conjugate, and the zygospore gives 
rise to full-sized individuals ; hence these spores have 
been called Auxospores (fig. 16, p. 26). 
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2. Forms without Chlorophyll. 

Order VIII. Zygomycetes. — Many of the com* 
moner forms of mould belonging to the genus Muon; 
and growing on fruit, bread, or dung may be taken as 



I 



Fig II 




Mthahum tepUcum 

«, spore , Ct iyort case ruptunngand permuting the protoplasmic contents 
to escape , a, rounded mass, which becomes ciliated, £-, k, /, k, /, 
i«, amoeboid state after loss of cUia (After Oersted ) 

examples of this division. The spore developes a much 
branched mycelium, which consists of a single cell, 
spreading over or through the nutrient matter in which 
the fungus grows (fig. 17, p, 27). The myceliumsends 
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Fig. 12. 



Sfitrogyra longata ( x 550) 

Two filaments about to coniucate 
The cells contain chlorophyll in 
spiral bands, with starch and oil 
globules In the centre of each 
cell IS the nucleus, surrounded by 
protoplasm, sendtne narrow fila« 
xnents to the wall of the cell. 
<s, Cf formation of the tube by 
which conjuaatton takes place. 
(After Sachs.r 


up branches into the air 
which develope sporangia. 
The end is rounded and 
enlarged, and separated by 
a wall from the rest of the 
mycelium. The spores or 
endogonidia are produced 
w ithin tJie sporangia. Each 
«?pore will develope new 
mycelium. Sexual repro- 
duction takes place by con- 
jugation (fig. 19, p. 29.) 
Small branches of the 
mycelium approach each 
other, then unite, a wall 
forms at each side, and 
the central structure deve- 
lopes into a zygospore 
(fig. 18, p. 28). After a 
period of rest the zygo- 
spore germinates, and deve- 
lopes a sporangia, with 
endogonidia, but with no 
mycelium. These endo- 
gonidia again reproduce 
mycelium with sporangium 
(fig. 17, p. 27)* Three 
families belong to this 
order, Mucorinse, Pipto- 
cephalidae, and Chaeto- 
cladiaceae, the two latter 


beincr remarkable moulds parasitic on Mucor. 



OosporecB. 23 

CIASS III.— OOSPOREiE. 

In this group there is developed a peculiar large 
cell, readily distinguished by it appearance and size 
from those in its neighbourhood This cell is the 
oogonium. The contents of the oogonium either 
contract into a single round mass, the oosphere, or 


Pu.. n. 



Spirogyra lougata ( x 550). 


Ay cells conjugating, the protoplasm passing from one cell to the other at a ; 
the contracted and rounded united mass sho^ at ^ young 
spores, r, surrounded by a wall, and containing numerous drops of oil, 
each zygospore still contained in the interior m the parent cell. (After 
S^hs.) 

two or more oospheres arc formed. The antheridia 
are also single cells, much smaller than the oogonia. 
The contents of the antheridia either become one or 
more spermatozoids very much smaller than the 
oosphere, or a kind of conjugation takes place between 
the antheridium and the oogonium. The oosphere is 
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always nonJocomotive, the spermatozoids moving 
towards it. After fertilisation the oosphere becomes 
the oospore, which is invested by a firm wall and 
remains in a state of rest for some time, before germi- 
nating. In most cases the oospore does not develope 
directly into young plants, but divides and may form 
zoospores. The oosphere may be compared to the 
germinal cell in the archegonium of a moss, and the 
oospore to the moss fruit. 


Fk; 14. 




Cosmarittm Mentghimi, one of the De^midiactrtr, 

a, c, different views of the mature cells ; liront ; b, end ; side view ; 
d, two cells conjugating ; r, young zoospore formed ; /, ripe zygospore 
with spiny outer wall, the walls of the parent cells empty ; g, the zygospore 
germinating after a period of rest ; A, the young cel! escaped from zygo- 
spore ; i, young cell dividing, showing two new desmids similar to {a) 
placed crosswise in the interior of the parent cell. (After Oersted.) 


Order IX. CoonobiesB. — Unicellular plants, living 
in colonies. 

Fam. I. Vohfocinecs. — Vol vox consists of a rounded 
colony or coenobium, furnished with cilia externally, 
and repeating to a great extent the structure exhibited 
by Pandorina, among the Zygosporeae, The sexual 
reproduction is by antheridia and oogonia. Only a 
small number of the cells of a colony are sexual. The 
oospheres are large and surrounded by a gelatinous 
cell-wall, the oogonium. The spermatozoids are de- 



Sphmropleacem. 

veloped in smaller cells, the antheridia, and fertilise 
the oosphere by penetrating the gelatinous wall 
Order X. SphsBropleaoesB. — Vegetative and repro- 
ductive cells similar. 

Fam. I. Sph(EropU(ue(B. — Sphaeroplea consists of 


Fit.. 15 



Navtcula {Pinnnlaria) viridts. 

A, girdle-band view before division. The silicious wall at each side, the mail- 
ings not seen. At each end the girdle-band is visible, the one part over- 
lapping the other ; B, same view after division. The girdle-bands have 
separated considerably, and two new silicious walls have formed in the 
centre ; two new girdle-bands will form, one from each new silicious wall ; 
C, front view of the silicious wall showing the markings. (After Oersted.) 

long, slender, free, unbranched filaments, and resembles 
a Conferva, except in its mode of reproduction. The 
reproductive cells differ from the vegetative in having 
a small opening or pore. The contents of the cells 
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of one filament develope oospheres, while another 
forms ciliated spermatozoids ; these escape by the 

pore, and entering the 
pore in another filament, 
fertilise the oospheres 
(fig. 20, p. 30). 

Order XI. Cceloblas* 
te®. — Unicellular plants 
consisting of large or 
small, often branched 
and variously shaped 
cells, having the* proto- 
plasmic contents con- 
tinuous throughout the 
whole. The reproduc- 
ti\ e cells only are sepa- 
Frustuha saxottkay shov^m^ conjiign rated from the common 

..onand forraa..ono.auxosp„,es ^,5e.,Jke thalluS durfng 

A, conjugalion of two cells II, for- . 
mation of two auxospores (After thcif gTOWth. ThC gTOUp 

^ includes forms both with 

and without chlorophyll. Some of the members of 
the group are extremely simple in their construc- 
tion, forming a remarkable series of parasites, with or 
without chlor<^hylL 



I. With Chlorophyll 

Fam. I. VauchetHacecp , — Vaucheria is a filamentous 
alga occurring in water or on damp earth, and forming 
coarse dark-green tufts. Zoogonidia are formed at 
file ends of the branches (V. sessilis), the whole sur- 
fecc being covered ynXh cilia. The sexual reproduc- 


Chlorochytridiacece. 27 

tion takes pkces by means of antheridia and oogonia 
(fig. 21, p. si). 

Fam. 2. CaulerpacecR. — Caulerpa, one of the most 
remarkable marine algae, belongs to this group. It 
consists of a large branched cell, forming the whole 
thallus, with differentiated parts somewhat resembling 
root, stem, and leaf. The reproduction of Caulerpa 
is unknown. Many other forms must be referred 

I IG 17 



The mycelium (w )devtlopecl from a single spore The aenal erect hypha 
threaa bearing a young sporangium, s (After Prand ) 

doubtfully to the Cceloblasteae, forming separate 
families \ but as in all the reproduction is unknown, 
their exact position is unsettled (fig. 22, p. 32). 

Fam. 3. ChlorochytridiacecB . — Parasitic green algae. 
The thallus is unicellular, the » contents breaking up 
into zoogonidia. Sexual reproduction has not been 
observed, Chlorochytrium l^mnae^ the best known 
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example, was discovered and described by Cohn. It 
lives in the parenchyma of the duckweed, Lerona 
trisulca. 

2. JVtthout Chlorophyll 


Fig. x8. 



Fara. 4. Chytridiacea . — Colourless parasitic fungi 
of very simple con- 
struction, having zoo- 
gonidia furnished with 
only a single cilium. 
They are closely related 
to Saprolegnia. 

Fam, 5. Saprolegnia- 
cece. — Colourless sapro- 
phytes or parasitic fungi, 
generally living in water 
on dead dies and other 
animals, or on plants or 
vegetable matter. The thallus is tubular, branched, 
and unicellular. A portion of the thallus is often 
separated by a wall, and gives rise to numerous 
ciliated zoogonidia. Other plants devclope antheridia 
and oogonia. The oogonia are formed at the apex 
of the thallus as a rounded swelling ; the antheridia 
arising as two branches, one on each side from below 
the oogonium, and ultimately uniting with the oogo- 
nium by a process of conjugation. Pythium, Sapro- 
legnia and Achlya are examples of this family. 

Fam. 6. Peronosporece . — This family includes a 
number of funguses suj>erficially resembling forms of 
mildew or mould, living as parasites, and often ex- 
ceedingly destructive. They have a tubular thallus, 
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and develope stylogonidia in special aerial branches 
oi the mycelium. The stylogonidia develope (usually 
six) zoogonidia, which rapidly spread the plant The 
sexual reproduction is by antheridia and oogonia, like 
that of Saprolegnia. Cystopus candidus, common on 
Cruciferae, especially shepherd’s purse (Capsella Bur- 
sa pastoris) is a good example. In it the ripe oospore 
gives rise, on germinating, to a number of ciliated 


Fig. 19. 



Conjugation of Mucof stoion^er. 

a, small projections forming on neighbouring portions of mycelium ; b, union 
of these projections, the apex of each becoming enlarged and club>shaped, 
while the whole projection is much elongated , c, projection still further 
enlarged, a new wall forming in each, cutting oif two ceils, a and fi, the 
female a, being larger than the male P i d, the wall separating a and p 
disappears, and the contents unite to form the zygospore, witn a thick 
granulated outer wall. (After Oersted.) 


zoospores. The potato-disease fungus, Phytophthora 
infestans, and the species of Peronospora, all belong 
to this family (figs. 23, 24, pp. 33 and 34). 

Order XII. (EdogoniacesB. — Filamentous algae, 
which reproduce, non-sexually by zoogonidia, and 
sexually by antheridia and oogonia. The large round 
oospore, sdter a period of rest, produces four zoospores, 
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which develope non-sexual plants. Many zoogonidia 
are formed by rejuvenescence by the cells of the fila^ 
Fig. aa ment. Other zoospores are 

separated, and afterwards 
attach themselves to the 
side of the oogonia, form- 
ing the peculiar dwarf- 
males, the antheridium be- 
ing the larger })art of the 
minute male plant. In 
CEdogonium the filaments 
are simple ; they are 
branched in Bulbbchaete 
(fig. 25, p. 35). 

Order XI I L Fucacese. 
— Brown algae, the green 
colour of the chlorophyll 
being obscured by the pre- 

ordioary Slament ; filament SCnCC a Of brOWD COlour- 

ing matter (phycophaein or 

melanophyll). Thethalh.s 

oospore: .f, vegetative zwgont- [5 oftCll large OJld dichotO- 

dium ; F, oospore in act of being o 

fertUiscd by a spennatozoid, j ; G, mOUSly branched, the fonUS ' 

spermatozoids ; m, n, oospheres . . 

and antheridia in different suge^ being Very Vaned. The 

parts of the thallus often 
resemble roots (rhizoids) 

(After Oersted ) ^ IcaVCS. 

The Structure is simple, consisting of a mass of cell- 
tissue, resembling protomeristem, the outer layers of 
cells being smaller than the inner, and forming a kind 
of limitaiy tissue. These algae are marine. In Fucus 
the sexual reproduction is effected by antheridia and 
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Sphteroplea annulimi. 



Fuca^. 




Fig. 31. 



yiiucAeria scsst/rs (x 30 ), 


/If a /oogonidium (s/) escaping ; B, zoogonidium in its resting>sUge, alter 
having lost its cilia : C, zoogonidium germinating ; !)» further stage in 
the germination ; £, germination still further advanced ; ihc woo- 
gonidlum . s, apex of the tubular peen thallus ; iv, rhizoids, root*like 
colourless portion of thallus * F, thallus with reproductive organs ; Ut an 
theiidium ; ogf oogonia. (After Sachs.) 
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OQgonia developed in peculiar cavities, conceptacles, 
clustered together at the swollen apex of the branches 
of the thallus (figs. 26 and 26 a, pp. 36 and 37). The 
spermatozoids are furnished with two riHa The 
FIO.JX oospheres ate liberated 

■ before being fertilised by 
the spcimatozoids. After 
a short resting stage the 
oospore develops a new 
plant (fig. 27 and 2j a, pp. 
38 and 39). 

Order XIV. Phsdospo- 
resB. — 'Fhe Phscosporcae 
agree in the structure of 
their thallus with the Fuca- 
ccae ; and in being brown- 
coloured marine algse. The 
reprodiu tion is, however, 
imperfectly kno^^n. An- 
theridia and zoogonidia are 
known in some of the 
genera, but no structure 
resembling the oogonium 
has as yet been discovered. 
The Pha\ '>porefe and 
CauUr/a/nt/i/ttaiHjLt. Fucaccse includc the larg- 

thallophytcs. To 

Smed) ^ ***** foimer belong Lamin- 

aria, N ereoc) stis, Lessonia, 
and Macrocystis. Macrocystis pyrifera, in the oceans 
of the southern hemisphere, attains a length of from 
300 to 500 feet. Lessonia, also from the southern 




Cystopus candidus < x 400). 


<4, branch of myrclium,/^ iprowingat the apex» and giving off haustoria, 
A, into the ceils of the pith of L<pidittm sativtim, aerial portion ot 
tM myceUnm bearing the stylogonidia. C, stylog(»iidium, showing di* 
virim of its contents. Z>, contents of stylogonidium esca^ung as soo> 
gonidia. B, xoogonidia with cilia. h\ germinating zoogontdia. C, spo* 
gonidia germinating on a stoma, forming mycelium, sp. germinsyiag 
aoogontdium of the potato disease (Phytophthora infestans) penetiatuig 
the cpidemiis of the potato-stem. (After De Bary.) 
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Fxg, 9lS, 



Fucus platycarpus 

A, end of portion of thallu^ (nat. 
sue ) /, /, (ertile branch lets (After 
Thtiret.) 


trunk. Nereocysds is a 
gigandcalga from the north- 
ern seas» and Laminaria 
saccharina sometimes at- 
tains a length of from eight 
to twelve feet on our own 
coasts. The latter includes 
Sargassum forming the Sar- 
gasso sea, and Durvillsea, a 
gigantic sea- weed from the 
southern ocean. 

♦ 

Class IV.—CARPO- 
SPOREiE. 

This class includes a 
number of the higher forms 
of Algae and Fungi, dif- 
fering very much from 
each other in habit and 
mode of growth. They are 
distinguished by the pro- 
duction of a spore-fruit or 
sporocarp, which is the 
product of the fertilised 
female reproductive organ. 
The sporocarp consists of 
two parts : i. the fertile 


part, developed directly from the female reprcxiuc- 
tive organ, the carpogonium, and producing, sooner 
or later, one or many spores ; 2. the sterile part 
or case, not developed from the carpogonium but de- 
veloping as a consequence of fertilisation, and enclos* 
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ing all tiie spores. The sporocarp may be either 
large or small In Coleodiaetese, Chaiacese, and 
Floridese, the forms which possess chlorophyll, the 


,Fig. 96 a. 



sporocarp is small. In the forms not containing chlo- 
rophyll, as the Ascomycetes and Basidiomycetes, the 


fm W^ wiw^f^Pipjp 


' liiMe^fi il ««y IhVI »d 

imt te {Aott irflidi boie dlM Kpioductitw 01^^ 
Unii, tliesporocaipdevdopes from die caipogMiioin, 
which in its simplest state is a single cell (Coleocbste) 
but in others consists of several cells before fertilisation. 


Fio i7- 



JFmcm v€Stat/ofMt(x i6o)» 

A, cellular filaments bearing aniherwlia, a />, fcpcmiatorojds ( x '»3o) 
ooiOTmm. outer wall, «,lpS« «hc >"«•. '• proi™du.g contaimns eight 
mpherea III, oospliere eacaped, the siyrmatoioids surroun^g it /K, 
** -- e . — _i — a. gj. 3 ( division of the fertilised oospore (After 


i 


fouog fucus plant 
■ huret ) 


A peculiar projection, called the trichogyne, is gene- 
rally found both on one-celled and many-celled car- 
pogonia, resembling the style of higher plants* It is 
absent in Podosphaera, feebly developed m Peziza^ and 
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well-devdop«dinColeochaeteandmtiieFlonden. The 
male oigaas differ very miiiE^ Some have antheridia 
with spermatozoids, the ^)ermatozoids being active, as 
in Coleochsetea and Characeae, or passive in the 
Floridese. In fungi special sac-like structures or 
pollinodia are produced, whidi fertilise the carpogonia 
by a kind of conjugation. 

I. Qirfosporea ndth Chlorophyll. 

Order XV. OeleoehateaB. — Coleochxte is a disc- 
like alga of a beautiful Fig 27 a 

green * colour^ living at- 
tached to stones or sub- 
merged water-plants. The 
carpogonjum consists of a 
single qidti wide below, and 
tapering above into a long 
slender canal, the tricho- 
gyne, opm at the apex. 

Fertilisation is effected by 
moving spermatozoids from 
the antheridia. After fer- 
tilisation a covering forms 
round the central cell, 
which developes into a 
small mass of tissue, each 
cell forming a zoospore. 

A new plant like the parent, 
arises from each of the 
aoospores (fig. 28 p. 40). Thuret.) 

Order XVI. Florideas or Red Alg®,— They are 
mostly marine, and are distinguished by their fine red 
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Fig. 



Coleockatie p%Uvinata 350). 


A, portkMi of thalluft of fertile plant ; om, antheridia ; og^ carpogunia, with 
tridiofyne : s, a, ipennatozoids ; hairs with sheathing base ; B, carpo 
gooium stsrroonded by covering, r, of sterile tissue, forming the ripe spafo> 
carp : C, tissue from interior of sporocarp, each cell of which developes a 
aoospwe ; A soospores from C, (After Pringsheim.) 
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or violet colour, due to the presence of phycoerythrin. 
Batrachospermum, which is not brightly coloured lives 
in fresh water. The thallus varies very much in 
structure and construction, being often very much 
branched. Reproduction is both non-sexual and 


Fig. 29. 



A. Lejolisia mediterranea 150) 

r, rhizoids ; a, antheridium ; jr, spermatozoids ; carpogonium, with 
trichogyne» two spermatozoids att.)ched to the apex ; s, section of ripe 
sporocarp ; t, ripe spore escaping. (After Bomet ) 


B, Helminihora multijida, 

branch with antheridia and spermatozoids, a ; bt trichogyne with 
spermatozoids. (After Bomet.) 


sexual. Non-sexual reproduction is generally effected 
by tetragonidia, bud-like cells without cilia developed 
in fours in certain cells of the thallus. FertilisatitHi is 
effected by the spermatozoids, minute rounded bodies, 
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destitute of cilia, attaching thetnselves to the tricho* 
gyne, the carpogonium then developing into the 
sporocarp. The caipogonium is simple in Nemalion, 
or consists of many cells in Lejolisia. In the latter the 
tarichogyne is supported by a special row of cells, the 
trichophore (fig. 29, a.) 

The most important sub-orders of the Floridese are, 


Fig. 99 a. 



E 


Helminthora mid- 


I. Gymnosporeae, spores naked (Hel- 
minthora, fig. 29 a ) ; 2. Sporocarpeae, 
spores in a case (Lejolisia, fig. 29, a) ; 
3. Corallineae, with carbonate of lime 
in the tissues. The Irish moss; Sphae- 
rococcus crispus, belongs to the Gym- 
nosporeae. 

Order XVII. Charaoesa. — Plants liv- 
ing in masses in fresh or brackish water. 
They differ from the other thallophjrtes 
in having lateral appendages to the axis, 
structures probably to be looked on as 
leaves. The stem of Nitella consists 
of a long cell forming the intemode, 
the branches or leaves developing in 
whorls at the nodes. Chara has the 
stem and leaves covered by a pecu- 
liar cortical arrangement of cells, 
surrounding the long central cell. 


D E dfvdopment Contain chlorophyll and 

(After show rotation of the protoplasm. 
Sexual reproduction is effected by 


antKeridia and sporocarps, the former often called 


the globule, from its shape, the latter the nucule. 
Dtitheridium has a red-coloured wall, consisting 
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of eight fiat ceU9» each developing a central cell 
bearing numerous whip like filaments. Every cell 
of the filament contains a ciliated spermatozoid. The 
carpogonium consists of a central cell, supported on 
a slender stalk, the rudiment of the trichophore, 
the whole is surrounded by a case formed before 
fisrtilisatioa. The sporocarp contains a single spore, 
which germinates after a period of rest The wail of 
the sporocarp consists of spirally twisted cells, which 
become dark in colour. The top is crowned by a 
series of five teeth, unicellular in Chara, and two- 
celled in Nitella (fig. 30). 

Fig. 30 



C/mra fmgilh (magniliedX 

A, centtal portion of a leaf with an antheridium, at, and a 
9 ; f, crown of five celU at apex ; fi, sterile lateral leweis ; i 
leaflet near the fruit ; bracteoles springing from the basal 
reproductive organs ; B, a young antheridium^ and a young carpo* 
Senium, sA ; w, nodal cell of leaf ; w, intermediate cell between tv and 
Uie basal node cell of the antheridium ; /. cavity of the intemode 
loaf ; hr, cortical ceils of the leaf. (After Sachs.) 
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2 . Carposporea without Chlorophyll 

The sporocarps of these Carposporeae are com- 
monly known as the Fungi belonging to the Asco- 
mycetes, AEcidiomycetes, and Basidiomycetes. The 
sexual reproduction is not known in all the forms, so 
that the group must be considered as to a certain 
extent provisional The mycelium is developed from 
the true spores or carpospores, and spreads over or 
through the nutrient matter on which the fungus grows. 
It consists of hyphae threads, rows of very narrow cells 
branched and interlaced, forming a false tissue. The 
mycelium is either composed of one or many hyphae 
threads, and may be of long or short duration, some- 
times living for many years. The mycelium often pro- 
duces non-sexual reproductive organs, gonidia or 
conidia, which germinate and form new mycelium. In 
many forms the gonidia-bearing mycelium is the only 
known stage of the fungus. Where the life-histoiy is 
better known the mycelium has been observed to pro- 
duce sexual reproductive organs, differing in the diffe- 
rent groups. After fertilisation a more or less complei 
sporocarp is produced. In the sporocarp the two sorts 
of tissue, the fertile and sterile, may be observed. In 
some the sporocarp forms secondary mycelium from 
which new plants may arise. The sporocarp developes 
spores, either on the surface or in the interior. The 
former are gymnocarpic, the surface developing the 
spores, the hymenium being exposed. The latter are 
angiocarpic, the spores being formed in an internal 
mass of tissue, the gleba, surrounded by a case, the 
thp <ioore8 are ripe, the peridium nip 
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tures and die spores are scattered. The sporocarp 
consists of modified hyphse threads, often forming a 
pseudo-parenchyma, that is, a cell-tissue not formed 
by division of an apical cell, but having the walls of 
neighbouring rows of the hyphae cohering more or 
less intimately. The walls are not in general coloured 
blue by the action of sulphuric acid and iodine, and 
consist of a modification of cellulose. In a few cases, 
as in the asci or spore-sacs of lichens, the wall of the 
ascus is coloured blue by the action of iodine alone. 
Starch and chlorophyll are never met with in the 
group now under consideration, all being either para- 
sites feeding on living animal or vegetable matter, or 
saprophytes, obtaining their nourishment from similar 
matter in a state of decay. 

Order XVIII. Ascomyoetes. — The Ascomycetesare 
distinguished by the production of their spores in sacs 
or asci, elongated or club-shaped bodies in which 
generally eight spores are formed by free-cell forma- 
tion. The sacs are generally arranged so as to form a 
kind of hymeniura, either superficial or in the interior 
o£ the sporocarp. The sexual reproductive organs are 
developed on the mycelium, and the sporocarp with the 
ascospores is the result of fertilisation. The carpogo- 
niura (formerly called the ascogonium), is often spirally 
twisted and thicker than the straighter antheridium 
(formerly called the pollinodium). A kind of conju- 
gation takes place between the carpogoniumand the 
antheridium, spermatozoids not being produced. 
Many ascomycetes multiply non-sexually by means of 
gonidia, which develope on certain threads of the 
mycelium. 
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The plants belonging to this group may be divided 
into subordinate divisions, such as the Mildews, Disc6- 
mycetes, Truffles, Pyrenomycetes, and Lichens. 

Fam. I. Erysiphcuece , — The mildews represented 
by such genera as Erysiphe and Podosphaera belong 
to this group. They form a white web-like mycelium 
spreading over the leaves and stems of plants. Podo- 
sphasrahasa very simple carpogonium andantheridium, 
both being unicellular. After fertilisation the carpogo- 
nium divides into two cells, the upper forming a single 

Fig 31. 



hrysiphe C ichor taccarum (magnified). 

at myceHum threadb , b, anthcndium c, carpogonium . dt young 
sporocarp . t, <^cr sporocarp. (After Oergted.) 

ascus with eight ascospores. Erysiphe forms anthe- 
ridia and carpogonia, and also gives rise to peculiar 
non-sexual reproductive organs, probably analogous to 
buds, known as pycnides. (Figs. 31 and 32.) The 
common mould called Aspergillus glaucus belongs 
to this group. The sporocarps were described as 
Eurotium herbarorum, while the gonidial stage was 
Asper^lus. The plant is now known as Eurotium 
Aspetgillus-glaucus (ftgs. 33,and 33 a) 



Brysiphacea, 



Portion of a leaf covered with Erysipke (magnified), the mycelium 

covtrb the whole under-surface 


^rocarp : 3, structure called a pycnide of doubtful function ; c, alyto* 
gomdta , 4^ Mcond form of pycnide , e, aicus with eight ascoi^ores 
moved ttom the iporocarp. (After Oersted.) 



Ilm. «. ^ 4i8o>illEe $ii 0 «r 

'niMA hmmtaam *feod mimd^ tbO hytumm n 
«nd tgroA over the whole put of 


*»» 



Eurotinm repent (magnified). 


A, pomon of mycelium^ with erect hypha-thread, r, bearing sterigmata, a/, 
from which the stylogonidia have fallen ; youn^ a^cogonium, our. 
spiral ascogonium. and the poUinodium or anthendium (/). C, the 5ame 
to be surrounded by the sterile frlaments, two shown in the 
fiontTA sporocarp. (After De Bary.) 


m!sm\ 



telling iKMidl, mi nnidi teteoAik ^ lidM*. 

JMH^lwliu It e«iliD> na»«. 

gcmivm consistiiig of a 
row of ceils, and a ^ 
branching antheridium. 

After fertilisation, the 
central cell of the car- J 
pogoniirtn developes nu- 
merous filaments, which 
form asci as secondary 
branches, the whole 
invested by a mass of 
sterile tissue (figs. 34 and 
35 ) 

Fam. 3. TuberacecB, 

The truffle is a good 
example of the peculiar 
underground sporocarp ^ 

produced by this group 
The common blue ^ 

mould, Penicillum 
glaucum, also belongs to 
the Tuberaceae, as shown 
by the recent researches 
of Brefeld. The Peni- 

cillum developes stvlo- (magnified) 

, , 1 , f y JSi sections of unnpe sporocarps, 

gonidia which have been outer wall, inner cciu of stcnle 

I 1 I ^ ^1. tissue, as, filaments developed hy 

long known, but the ihe ascogomum giving use to the 

sporocarp has only been 

recently discovered. It ^ 

arises Item an antheridium and carpogonium and forms 


ML , 
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a minute structure like a grain of sand. In its interior 
the asci and ascos])()res are developed. 

Fam. 4. Pyrenoffiycetes, Thefic fungi have the asci 
contained in peculiar flask-shaped cavities, the peri- 


Fi(,. H- 



/'< I it ft > (tiul.K HI 

show in the roym (iiK tn ( ( ui .it ih iium (f fcrtiliSTtinn rary>o 
y'oiijutn /.in /, uiiik.i llm duim / , hj ph.c of sitt il< 

tissue )f the sjn r f iryi dexcl juii^ i rt suit of ftriilisatum (Aft<i 
Tul.isnc ) 

thecia. In SphTria each }>erithccium is the result of a 
process of fertilisation. Claviceps, the ergot, belongs, 
to this group. The young ovary of rye becomes 
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A verticil section of 
wh jle plant ( x 20) , 
hy hymeMLum or layer 
with spore forming 
asci S sterile tissue 
forming 1 margin (^) 
to the cup like fun- 
gus and giving off 
nne hypha; into the 
soil h section of the 
hymenium ( x 550) 
a / isci, with as- 
< ospores m various 
Stages of develop- 
ment intermixed with 
slender paraph>ses 
sA sub h>menitl lay 
er ( r hj pha; (After 
bachs ) 


riG 35 . 



Pttxxa convejL ula 


I 2 
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en\elo|)ed by a soft mycdium, which develops gomdia. 
These are accompanied by a honey-hke secretion, the 


Fig 36 



C/a" ue/s put putt a (m 11,1 ifi ) 

A young sclerotium t) with ol i sph icth i ( ) / the -ipex of the deid 
ovary of rye h, upper pirt of A in 1 >11^,1111 Itnal seition C in isvtr c 
secinn through the '.phireha w the mytrliuni th the hyph4C l»cirmi; 
styl gonidia A «/ p iriiun of the 11 f ih< ( s try D germiiuting 
s^ylogonidu, wuh promytthum and sporidia (After bachs ^ 



hacelia stage. In a sho 
eates the whole ovary, and 
e sclerotium stage or ergc 


1 


1 






< la" icrp^ fan ^ui t a (m ignificd) 

A, a '^ckroinun (I rg<)t)r. formniR sjioiotarps, d /?, longitudinal section oi 
a spoiocarp, showing the pentheci.i (r/) C, ptnthecia (highly magnified), 
showing the <>,01 fty, hvphse of sporocarji, j/r, outer layer of sporocarp 
D, single ascus, ruptiir* d, permitting the elongated narrow spores, v/, to 
escape (After 1 111 isne ) 

period of rest and when placed on the ground, develops 
small stalks, with a rounded head, in which are de- 
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veloped numerous penthecia with asci and ascospores 
(figs 36 and 37) 

Pam 5 LicheHcs — Lichens were formerly con- 
bideied to be a special cliss of thallophytes, but recent 


Itir 



Iransverse section of the thallus of Sticta fuhginosa (x 550) 

limitar> cells c f upper bide « of under side with rhizoids r m hyphae 
thre ids of interior of thallus g, green gonidia (After Sachs ) 

reseirchcs show that they must be considered as 
ascomycetous fungi, parasitic on algae The algae were 
formeily known as the green gonidia of the lichen 
thallus, and belong chiefly to the Palmellaceae, with 
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chlorophyll, or to the Nostocs and other Cyanophyceae. 
The algae are either scattered irregularly through- 
out the whole thallus or form a definite layer. The 
thallus contains in addition the hy])ha3 of the fun- 
gus, and thus consists of two elements, the fungal and the 
algal (fig. 38). The thallus bears peculiar spore-bearing 
structures, closed or o])cn, with the asc i, cac h with eight 
ascospores. When the sporocar[> is open, like the Dis- 
comycetes, it is called the apothecium, when closed it 


Fic 9 



Sorcdia of larbata (x 500) 

soredium consisting of one gomdium covered with hyph* 

« many green gonidia lormed by division L , the green gonidia separated 
by hypha; B , gcrmin time, s >iedia, gioising aptx formed of hypha* 
developing into a new hehtn plant, the green goindia multiplyirg by di- 
vision (Afu r Scliwendcntr ) 

resembles the Pyrenoinycetes and developes perithecia. 
Peculiar structures, called spermogones and pycnides 
are also found, as also in other Ascomycetes and their 
allies. A non-sexual mode of reproduction by means of 
soredia occurs. The soredia consist of one or more algal 
cells surrounded by hyphae. They detach themselves 
from the thallus, and form new plants (fig. 39). 

Lichens are widely distributed, and live on rocks, 



56 Classification of Plants, 


stones, stems of trees, or on the ^ound. They may 
be dried up without losing their vitality. The thallus 
varies much in form and structure, and from characters 
derived from the nature of the thallus, lichens have 
been divided into gelatinous lichens (Collema), crus- 
taceous (Graphis), foliaceous (Sticta), and fruticose 
(Usnea) (figs. 38, 39, 40, 41 and 42.) 

Order XIX. iEcidiomycetes. — Parasites with their 
mycelium running through 
^ the tissues of living plants, 

many of the forms being 
Avcll known pests, such as 
Rust, c^c. The sexual re- 
])roduction of the u^^xidio- 
mycetes is unknown, and 
their position is at present 
uncertain. The mycelium 
gives rise to small fruit-like 
bodies, ^the -d^xidia, which 
may, jierhaps, be the result 
of some sexual reproductive jirocess The y^cidia 



Collcr.ia pulpflsum (slightly ni x<’ 
nilio 

One of the gel.itinous lichens, the 
ih.allu«i bearing apothecia (After 
Sachs.) 


are cup-like bodies, having at the base a series of elon- * 
gated cells or basidia, which dcvelojie rows of sjiores 
or stylogonidia. In addition, two other kinds o ' spores 
are sometimes formed, but not in cups. These break 
through the epidermis of the host plant. One of the 
best known forms belonging to this group, and having 
three kinds of sjiores, is the rust in wheat, Puccinia 
graminis. During the summer the stems, leaves and 
glumes of the wheat become covered wath reddish- 
brown patches of spores. These are one-celled, 
rounded, and are now known as the uredospores, from 
having been formerly placed in a special genus, Utedo. 
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After a time a few tuo celled spores appear among the 
uredospores, and gradually patches consisting exclu- 
sively of these teleutospores are formed The teleu- 
tospore germinates in spring on the leaves of the 
barberry, and develops a small pro mycelium, on 
which appear another set of germinating bodies, the 
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Cf ur/aciou^ Li het 

A B ( rapJn<i rle^ans on 1 ark cf the holly L Pertn^aria Wulfeni 
(Z’ t slijjhtly m it,mfied) ( Vfter Sachs ) 

spondia These spondia germinate, and form the 
mycelium m the tissues of the barberry, from which 
arises the ^cidiurn of the barberry The -^cidium is 
produced on the under side of the leaf, and on the 
upper side smaller flask-like bodies, called spermogones 
of unknown functions are developed The spores 



A . Umea barbata (nat size). 


A fruticose lichen, with apothecia. a ; /, disc by which it is attached to the 
bark of a tree. (After Sachs.) 


Order XX, TTstilaginecB. — Related to the i^cidio- 
mycetes in their parasitic habit, but differing in their 
having only one kind of spore, are the Ustilagineas, 
the Bunt and Smuts. The spores are very numerous 
and in the case of the smut of oats, Ustilago cat bo, 
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fill the whole diseased grain with black powder. 
Another fungus belonging to the group is the brand, 
Tilletia caries. When the spores germinate, a promy- 
celium is produced, the branches of which undergo a 
kind of conjugation before .sj)oridia are formed. The 
sexual reproduction of these plants is unknown (fig. 45), 
p. 62. 

Fig. 42 a* 



B. Sticirt pulntfluacra (nat. si/e) 

A foliaceous lichen (under side) , a, apothecia. (After Sachs.) 

Order XXI. Basidiomycetes. — To this group be- 
long the funguses common!^ known as mushrooms and 
toadstools. The mycelium forms a white mass of 
threads ramifying in the nutrient substratum, and the 
part known as the fungus is the fruit-bearer, or sporo- 
carp. The sporocatp produces the spores, either 




Pucctnia grant in ts (highly m.'ignified). 

A, transverse section of leaf of Barberry vrtlcafj^), with young 

aecidmm-fruit still unopened /, s'uular section, with axidium fruits (/r) 
in various stages of development /, |>eridium or wall of a:cidium-fruit . 

»idennis of u^iikt side, «, of under side of leaf, x, normal blade of 
leaf, but greatly thickened at y , jt/, siiermogones, peculiar structures of 
unknown function //, teleutosporcs. /, on couch-grass, Tritiinm repeats ; 

epidermis . sub-epidermal cells. ///, Urcdc-spores, «r, with one 
teleutospore, from couch-grass ; sh^ the hyphae threads. (After Sachs.) 
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I u ill HI ^lamint^i (highly magiufi^^cl) 

gernuintin^ tcleutosporc t with promyuclmm forming the spondia, sp 
SI nil irprimycehum with sporidu C spondium r/ germinating on 
under ‘•idc of Icif of li irbcrry the mycelium, /, penctming the epider 
mis, Dt germniting ITredo-spore (») fourteen hours after being pi iced 
on the leaf of a grass, forming a branched mycelium (After Sichs ) 




Jilletta (the lUint) transverse seen n t in'tt icil wheat ^run 

sp>ort y A // spetes gcrmin itmj, / f iin ti n ( f branchinj, j ro 
mycelium with granular protoplasm k sp< rt germinating and forming 
the narrow branches which unite by a kind of conjugation, the end* of 
the filament afterwards forming remarkable spores which give nse to my 
celium, / penetrating the epidermis A’, mjcelium, with formation of 
young spores (st> logonidia ’) K, the same w ith spores further developed 
{d after Oersted after Tulasne, x 460 , t-kt after Knhs^ x 300 ) 
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superficial or concealed ; and developed on basidla* 
enlarged cells forming a special layer called the hyme- 
nium. I'he basidia bear at their apex four small 
projections, the stcrigmata, on each of which a spore 
forms by cell-division. The Basidiomycetes include 
among other groups the two large divisions of Hyme- 
nomycetes and Gasteromycetes. In both of these 
the life-hibtory is very imperfectly known. 

Sub-order i. Hymenomycetes. — The sporocarp, 
which is variously shaped, has a superficial hymenium. 
The common mushroom may be taken as a good 
exampje. I'he sj)orocaq) of the mushroom arises 
from underground mycelium threads, and consists of a 
rounded rather cylindrical stalk bearing on its summit 
the caj) or pileus. It is convex above and bears on 
its undersurface a series of radiating plates or lamellae 
running from the stalk to the margin, 'fhese lamellae, 
or gills, are covered by the clo.sely-]daced elongated 
cells, the basid'a; the whole layer being known as the 
hymenium. Kacli of the basidia de\ elopes four sterig- 
mata with spores. When ripe the ( oloiired spores fall 
^off, and, when they germinate.gue rise to the mycelium, 
from which the young s])orocar])s are developed, pro- 
bably as a result of some sexual rt productive process. 
Polyporus and Boletus belong to the same group ; the 
underside of the ])ileus is however covered with tubes, 
in the inside of each of which the hymenium is 
develo])ed. Some of the Hymenomycetes are edible, 
many are poisonous. (Figs. 46, 47, pp. 64 and 65.) 

Sub-order 2. (P\.sTER(^MycETEs. — The spores are 
here developed on basidia, but the hjmienium is in 
the interior of the more or less spherical sporocarp, and 
not on the surface, as in the Hymenomycetes. When 






ttu U!t (.iuit/>i \tni v.n It sul) 

*«, underground mycdium ^Mthvcr> >oung «.porotarps at 1 J r different 
stages of development of the spoiotarp m in>ttliuni if, stilk, / in// 
and Ilf, annular air space the gills (Hniella.) suh'^tqiiently forming 'll 
upper part, V, i 7 , tissue of lower part of air space, I, forming the 
volva, which ultimately ruptures, and forms a ring round the stem (After 
Sachs ) 
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Fig 47. 



A tnm/> sfrii 

yJ, section of the c'lprrj ileus h slumin^ tlic HmcllTj or gills /(slightly 
nn.gni(iccl) I section c f < nc t f the 1 imcllo- (more highly m ignifiedX /» 
the ctntril tissue if the ^ill tilled the tnmi, j/i, sh^rt rounded cells 
forming the sul h) mciu il 1 lyti hy thehjincnium C portion of -6 (mag- 
nified >550 dnmitters), / trinii, h sub hjnienealH^er ^ > oung basidia and 
pariphjses, f mnatDii of spoies in 1 isidia eirhest stage, same still 
further developed ' further stage, s' " spores fallen off, and the sterig- 
mata left (only two of the foui spores are here lepicsented) (After Sach^ 
11 . 1 
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the spores are ripe the outer covering (the peridium) 
ruptures, and the s])ores escape. Sometimes a capilli- 
tium is formed, with the spores placed between the 
meshes as in the Aryxomycetes. The puff-ball, Lyco- 
perdon, and riiallus, the stink-horn, are the best 
knouTi examples. The earth star, Geaster, and the ( up- 
like Nitidularias belong to this division. Our know- 
ledge of the life history is still very imperfect (fig. 48). 


CHAPTKR II. 

THE DRYOPHY'IKS. 

Scr-Kingdom M.-^BRyoVIIYTA M(\SCL\/LF. 

The Bryophyta are distinguished by their sharply 
defined alternation of generations, 'i'he first genera- 
tion is sexual and may be either a thallus or a leafy- 
axis, bearing the antheridia and archegonia. From 
the central cells of the archegonium after fertilisa- 
tion, arises the se< ond or non-sexual generation, the 
sporocarp, a case with or without a stalk, and containing 
the spores. From the sjiores the sexual stage arises 
either directly or indirectly. When the spore germi- 
nates there is either produced the prolonema, a series 
of conferva-like threads, from whu h the leafy axes of 
the moss arise by budding ; or a thallus is developed 
directly from the germinating spore. In the lowest 
groups the thallus is developed, while in the higher 
there is an axis with leaves. Roots are never formed, 
their functions being performed by root hairs. The 
thallus, or leafy axis, may repeatedly develope sexual 
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Mycelium a, uith «;poro( irps in ill starts cf dcNtlopment h very young; 
(, much older d 1 iiniitudin il m cti n f sj c ic c up htforc. rupture of the 
lH,ndiuni c./s tlic thiLc. I i^cis c f the pc iidiuni It undeveloped stem , 
/, >,lebi, m inuci lu iss of tissue << \iud hj the sju le beating h>mcniuni , 
k, I ///, the tull\ developed spoioeiip, X, petidium, /, stem, m, remains 
ofglebi (Aftei Oersted ) 
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reproductive organs, and in addition, non-sexual re- 
production by buds, &c., may take place. The seta 
of the moss also gives rise to a protonema and buds, 
under certain conditions. 

The reproductive organs are of t:vo kinds, produced 
Fig 49. eitlier together or separately, on 

the same or different plants. 
The male reproductive organs 
are the anthendia, the female 
the archegonia. 

'i'he antheridia are stalked 
bodies, spherical or club-'^haped 
in form (fig. 49). The sac-like 
wall consists of a single layer of 
cells, and it encloses a number 
of small closely crowded cells, 
the sperm-cells, each one of 
which develops a single sper- 
malozoid. When the antheri- 
diiim is ripe the wall ruptures 
when wet, the sperm-cells escape 
at the apex, and then each of 
the sperm-cells liberates its sper- 
matozoid. I'he si)ermatozoids 
are spirally coiled threads, thick 
at one end and ta])ering to a 
fine point at the anterior end, 

anthcndium open, .irul per- wllich is fumishcd with tVVO 
nmiinj; the siH.rmato7ouIs, 

n, to ts(ai)e (x 350) />, loiig vibratilc Cilia, whose action 

Polytnchum, sperm -veil, r* .v 

with enclosed spemuiol causcs the movcmciit of the 

/Old . c, free spcrmato/oid, 

with two film .at pointed spcrmatozoid. 

cnd(x8oo) (AftcrSaU.s) jircliegonia are flask- 
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shaped bodies enlarged below from a narrow base, 
and prolonged above into a long narrow neck (fig. 50). 


I'he wall consists of a single 
layer of cells. The neck 
and base contain a cen- 
tral row of cells, the lower 
one forming the germ- 
cell, the upper ones form- 
ing a special scries, which 
becomes gelatinous when 
the archegonium is ripe, 
and tl^us forms a canal for 
the passage of the si^erma- 
tozoid. After fertilisation 
the germ-cell becomes sur- 
rounded by a wall, and then 
begins to divide. The re- 
productive organs are de- 
veloped in groups or singly. 
The groups arc often sur- 
rounded by a special in- 
vesting covering, the in- 
volucre or perianth. Among 
the reproductive organs 
peculiar hairs are met with, 
called i>araphyscs. 

From the fertilised 
germinal cell there is de- 
veloped directly the second 
non-sexual generation, the 
sporogonium. As the spo- 
rogonium grows the lower 
end penetrates deeper and 


Fig 50. 
VI 



/ 'u)ta n\ t h vgroinctrica. 

‘J . apc\ of -.tcni of a fem.ale plant 
( X a, an ho^onia, b, leaves. 
/>, an an liej^oniuin ( X 550), A, 
b.»he with Central cell, A, neeW, 
w/, numth, the axial row of cells 
becoming gelatinous. C, month 
of fertilised archceoniuixu with 
dnrk-walleU cells. (After Sachs.^ 
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deeper into the tissues of the first generation, and is 
entirely nourished by it ; but the cells are not in or- 
ganic connection (fig. 51) The wall of the archc- 


l u 



r unafia h^^tomeUi n 

Ai longitudinal section of irchcjjoniur»(x 50^) /,/ neck, // young sporo 
gomum, y, f /’, C, Uirtcmit st'ij^cs in tin (I(\t lojnncnt of the -*1)0 
logomum, y riljptri, e neck of irchcgouimn h Jlit lowtrend of 
sporogomum is sh »\\n pc mtt Hint, clowiiw ards into the tissues of the 
^nd of the leafy axis> (After Sachs 3 
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gonium grows as the germinal cell developes into the 
sporogonium, and becomes a special covering, the 
calyptra. The calyptra gives way ultimately, and re- 
mains either at the base or apex of the sporogonium. 

The form of the mature sporogonium differs in the 
different groups. In general it consists of an urn- 
case, or theca, su])ported externally on a long or short 
slender stalk, or seta. In the urn-case the spores 
arise from definite layers of tissue, the mother-cells 
dividing into fours. In some a central mass of tissue 
remains, called the columeba. In all the mosses the 
spores iire produced alone, but in most of the liver- 
worts peculiar spiral cells, called elaters, are deve- 
loj)ed along with the sjxnes. When the spores are 
ripe the urn-case opens in different ways, and the 
spores are s('atlere(L 

The spores are rounded, and when ripe possess 
two coverings, the exosporium or outer cuticular layer, 
generally marked with small excrescences, and rup- 
tured during germination by the protrusion of the 
inner coal or endosj)oriiim. The s})ore contains pro- 
toplasm, and in addition chlorophyll grains, starch, 
and oil. When the endosj)orium protrudes, cell-divi- 
sion takes jdace, and the branching cell-rows of the 
protonema develop in the mosses (fig. 52). 

The tissues of the mosses are well developed, but 
fibro-vascular bundles do not exist. The plant-body 
is either a thallome, or a caulome with phyllomcs. 
The branching is often dichotomous, never axillary. 

The bryophytes can be divided into two classes, 
the Liverworts and the Mosses. 



72 


Classification of Plants. 



r unarm hy^iomtitua 

At geiminating spores (x S'? j), t, ex >sponum, ?.% root li iir, r vncuolc Dt 
part of protrntma three •xftf’r jtimin itn n (x r^c) //, nn in branch, 

with broun walls, silc brunli k f imiti u of biul from whi^h thQ 
Ituf) axis of the mo's arises, root hair (After Sachs ) 
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Class V, Hepaiiccc , — The urn-case or capsule 
does not open by a special lid, but by four or two 
valves, or irregularly, or does not open at all (Riccia). 
Elaters are nearly always present in the sporogo- 
nium along with the spores. The columella is not 
developed, except in the Anthocerotse. The ripening 
of the spores takes place during the time the capsule 
is enclosed in the calyptra. The calyj^tra is tom when 
the spores are ripe, and it remains below at the base 
of the capsule. The plant-body of the first genera- 
tion is a thallus, or thalliis-like stem with scale-like 
leaves. (amphigastria), or a leafy axis, the leaves con- 
sisting of one layer of cells (a cell -surface) without 
a midrib or vein. 'Fhe stem is bilateral. Root hairs 
are developed largely, and all of them are uni- 
cellular. 

Class VI, MfiSii . — The urn-case or capsule gene- 
rally opens by means of a special lid, which is thrown 
off when the spores are ripe. Elaters are never 
formed with the spores. I'he columella is always 
present, at least at the early stage of development. 

♦The calyptra is generally torn when the sporangium 
is young, and the u})i)er part is carried up on the 
urn-case like a caji ; the lower part remains below as 
the vaginula. The plant-body of the first generation 
is always a leafy axis ; the leaves generally have a 
])rominent central midrib or vein, two or more cells 
thick. The stem is very rarely bilateral. The root 
hairs are cell-rows. 

Schimper enumerates seventeen genera and forty- 
six species of Bryophyta, all from the Tertiary. There 
are seven genera of Hepaticse, all still living, includ- 
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ing three species of Mardinntia and seven of Junger- 
mannia. I'hoie are ten genera c>f mosses in the 7er- 
riary, nine still lising, and including one species of 
Sphagnum, one Pliascum, twenty of rol 3 tn(;hnm, and 
thirteen of nyi)num. 

Claps V. -HEPATIC T.I VERWORTS. 

The plant-body of the lower forms of this class is 
a lhalliis, with no diMinction between stem and leaf. 
In others a thallus like stern i^ piodiuerl with minute 
scale-like leaves on one side, while in otlurs there is 
a stem with numerous small It aves d'he latter arc 
distinguished as the fohose In ei w ort*^ ^ the former as 
the thallose. dlie thallose hverw'orts aie closely aj)- 
pressed to the ground, w ith two eniiielv dillerc nt sides; 
the iip])er ha\inga well developed epidiTinis generally 
'With remarka])Ie stomata, and Inning abundance of 
chlorophyll bearing cells beneatli it. The under side 
developes but little ('hl()ro])]i\ll, ami the tjadermis 
forms numerous rool-haiis. d'he foliosc liverworts 
are also bilateral, the upper and under sides being, 
different, d’he leaves lyj)iea]ly stand in three row's, 
the row on the under side being either entirely w'anl- 
ing or consisting of small s(alc-like leaves (ailed am- 
j)higastria. The form and lobing of the other leaves 
always has some relation to the bilateial growth, d'hc 
fonns with erect stems also exhibit marked signs of 
bilaterality. 

The class TTcpaticre includes four orders. 

Order XXII. Ricciaceae. — 'The antheridia and ar- 
chegonia are placed singly on the n])pcr side of the 
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tnallus like stem. The sporogoni i are immersed in 
the thalliis, spherical in form, not stalked, containing 
no elaters, and not opening to scatter the spores. 
The thallus-hke stem is difhotomously branched, and 
bears a low of scale-like leaves on the under side 
(figs. 53 . 54). 


I If. t:3 



lonRUiuhn il se tion ihr jui,h -^p \ f il lli i il clII h ^cik like 

leaves r uni istn I ' *V '>>>-, u il cn h un \ Mi inthtiuliuin 
fiurrouiukd I > i s\\ IKnwilMfth tl illu / > i lu u th n liuni 
sum un led tht w dl (, i.ldci uith ri liuiu in lon>,uudinil scctuin 
^ (After Hofnicisicr ) 


Order XXI II Anthocerotese — The thallus is irre- 
gularly blanched, and c I ceps o\ci the suificc of the soil 
The archegonia are imbedded in the up])ci side of the 
thallus. The spoiogonuim is long and nariow, break- 
ing into two long valves fiom abo\e downwards. It 
possesses a columella and tlattis, but the elaters have 
no spiral threads in their interior (figs 55, 56). 

Order XXIV. MarchantiacesB. — The thallus-hke 
stem IS thick, creeping, and dichotomously branched ; 
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above with an epidermis and well-developed stomata 
communicating with lozenge-shaped cavities contain- 
ing chlorophyll-bearing cells in branching rows; below 


Fic. 54 



Ktn a c^tui/r 

A, longitudinal section of apt < of tlnllu“> t//, ar* hegonium c, central ct II 
(x 560) />’, nnnpt "{ <tr >goniutn, nctkul .irtht gomuni, ( x 300) 

( Vfttr Hofmti'ittr ) 


with scale-like amjihigastria and numerous root-hairs. 
The anthcridia and ardiegonia are developed on spe- 



cial erect branches. The anthc- 
ridia occur in numbers on tho 
iip})er surface of the expanded 
umbrella-like brancli. I'he ar- 
chegonia are found on the under 
bide of the star-like branches. 
The sporogonium contains both 
spores and elaters, and opens 


Anthoccras Icez'is (nsit si^c), 

K, K, thL sporogonia, both 
pen and unuix^ncd. (Aft 
I'rantI ) 


either irregularly or by four 
valves or by an opening at the 
apex. Marchantia polymorpha 


forms cup-like structures on the upper side of the 
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stem, gemmae cups, containing numerous buds or 
gemmae (figs. 57, 58, 59, 60, 6r, 62). 

Order XXV. Jtmgermaimiaceee. — The sporogo- 
nium opens by four valves from the apex to the base, 
and contains both spores and elaters. The Jungerman- 

Tig sf 



Aiithoii>o\ hr- 1\ (x is ) 

Iho young sporogonium, sunouiidcd b> the in\olucrc, Z ; r, ihc 
coluxnclla , s, spores* ( \fier Hofmcister ) 

iiiaceae include two sub-orders ; a, Thallosae, with the 
plant-body, a flat thalliis or tlullus like stem (Aneura), 
and h, Foliosoc, the plant-body an axis with leaves 
(Jungermannia), (fig. 63). 





A, longitudinal scctioirof tied poruon of tlnllus, o, epidermis, s, walls be- 
tween the air-‘Hpa(ts, the I ittei filled wuli rows of chlorophyll bearing 
tells, s/>, -.10111,1, r, large tel! />, C, young stomata seen from above, pore 
cr openuig, po , i/, the guard ttlls (After baths ) 
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Class VI.— MUSCI, MOSSES. 

The plant-body is always a leafy axis, seldom bi- 
lateral. The planl^- generally li\e in tufts on the soil, 
stones or stems ol trees. The class contains four 
orders. 

Order XXVL Sphagnacese. I'he spherica sporo- 
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Mu / iff xp ’ / / v/// ? tl) in 

/•’, jniin.; Inaiulu of ih ilius ( , two bi uk lies n 'lit aiul left developed 
from i w,uimi I /> iiul C with mni c < ups on uppci suifaet, r’, 

<■ margin lU apn al H-^uii /^ poiium of upper side of iliallus, showim; the 
lo/tn^c dmptil --p u-< t idi with a cuUi il stum i, (more hi^jhly magni- 
fied) ( \ftti S lull .) 

goniiim contains a licmis]jheiical columella, and opens 
by a lid at the apex. The seta is very short and sup- 
ported on a pseudopodium, tlie talvptra remaining at 
the base of the sporogonium (hg. 64). The bog- 
mosses or spliagna live in huge tufts in bogs and 
moist ])la('cs. 'The leaves and outer part of the stem 
have large cells with openings in the walls which 
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M x*lI mil if lymDfiht 


At portion of hon/ont il thallus, / (nil si/ ) wah two erect brinchcs (Art) 
bearing the anlhcncli i on the upiicr surficc />, magnified longitudinal 
section of the same, /, amphig istii i, h root hairs a inthendia in cavities, 
each opening above at o O almost tipe antheridium (highly mignificd), 
st stalk, wall, w sperniatozoids ( x 800) each with two cilia. (After 
Sachs ) 
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admit water into the interior of the cell. The proto- 
nema developed from the spore is of two kinds. 
Wlien germinating in water it is filamentous and 
branched with lateral buds, but on a solid substratum 
a flat-lobed proembryo is produced. 


Fif. ('Ki 



Mitfilinniui f olyuio>pha ( x 6) Upper portion or ‘.till.ite disc of erect 
branch of ihallus, bcarnii; vpttrot^onia 

5 /, its stalk with tw(j Rrooxts '>tai like division of upper end of branch ; 

/i sporoc;oni.a siii rounded by a common coveiinj;, the perichcCtium, Pc. 
• (After Sachs ) 

Order XXYH. Schizocarpae . — The columella is 
cylindrical, free al)ove. I1ic sporogonia 0 ])cn by four 
valves, which remain attached above and below. The 
calyptra forms a c ap-like stuictiirc on the sporogonium. 
The Andremas, belonging to the family Anclreceaceae, 
live on rocks in alpine districts. 

Order XXVI II. Gleistocarpae. The sporocarp does 
not open ; the columella is connected above and below 
with the wall. 'I'hc calyptra remains attached at the 
n. u 






Stcgocarpcs. 83 

base of the sporogonium. The Phascums are all 
minute mosses, generally living on the soil and having 
the proton ema remaining until the spores are ripe. 

( )rder XX J X. StegocarpsB. — The ('olumella is con- 
nected above and below with the wall of the sporogo- 
nium, and is surrounded by the tissue from w'hich the 

Fi(, (>5 
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Manhnntia f>oIyv}Off>ha (x 300). 

Antinor nian»in(>f anthcruli.il 

(ciri ul.ii ilisi) hi.uith of thaihis 
r, tlu (cll . a, <x, .iiuhcndui 

in ilifh rt nt slaves of tk \clu|>nicnl , 
iA lilt* stomata ojiomnt; intt> the 
air (a\itK*s ht luccn the .inthcruh.il 
cavities (Aftci llofniustcr) 



/ Vi / e^iochilti n s/>h •;/ ionics. 

r.ilattral kaf> axis. /, the 
jniianlh . I/, unripe capsule : 
i>, ripe open capsule. (After 
1 ’rani I ) 


spores are dcvelo])ed. l^Xternal to the spores are air- 
bearing cavities separated by rows of cells containing 
chlorophyll. The epidermis is provided with .stomata 
cs])ecia]ly near the base. 'Hie sporogonium opens by 
a lid, the operculum, below the oi)erculum is a spe- 
cially develoiied part of the wall of the sporogonium 
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called the peristome It gcneially consists of separate 
teeth, ^\hlch ma} be 4, B, 16, 32, or 64, in number, and 
in one or two rows 1 he jienstomt is absent in Gvm- 
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S/Anpjufft acuiif hum 1) I i it i hn »1 serti in of a femilt 

fl vvtr 

r, mhfgofin ih y unjj; pcmhitnl Ic tvts y' '>1 ix f It of the 
shott fjrmini, th< i<ntiih / 1 n>.itu In il t t> n f iht sj < i mum, 
foot of sp>roj, mum c vered I y the \ ij^nml i 7 the c ipsulc bciiif; 
covered hy the cily] irt c the iipck 1 tlu ii h ^ mi slumn it /i, 
the pseudr podium mtliPicntn if the i uU is tlu c lumclii ind the 
cufNcil row of spon in >th r ctHs ( rij sj r mum (f ^pn li^num 
squarrflsum {7^") oiicrcuiuni ii t rncilyitn the t lout, ittd pstudo 

podium surrounded 1 y the pench cli il k t\cs ih (Aftti Stlumper ) 
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nostonium. The sporogonium is generally elongated 
and bears the calyptra like a cap at its apex (fig. 65). 

The archegonia, and later, the sporogonia, are de- 
veloped either at the end of the mam axis or on special 
lateral branches ^ from this cliaracter the Stegocarpae 
are divided into two sub orders. 1. Acrocarpae ; arche- 
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A leify wi-j, wiih ro( t h urs 'ind sjx>io£;onium enclosed in the 

filyptn, f 1 nc ir]\ in Uun. sj) r i, ni ni ’>cu / urn u isl or capsule 
c ciljptia ( 1 huiUhIiihI St ti ii oft insult (nia^^uificd , ct tohimtlli, 
d optrtuluiu f> jtn t int s Ii>u in >%hi h the sports .irt dt\tloped, 
consisting cf the sj rt ni iliti cells, //, \ii caMtics, C hlimtiuous tissue of 
the columella ( \fici b ichs ) 

gonia at the apc\ of the stem, the sporogonia terminal, 
unless they are juished to one side by the late develop- 
ment of a lateral branch near the apex of the stem ; 
Funaria, Poly trie hum. 2 Plcurocarpce , the archegonia 
and sporogonia developed on special short lateral 
hnnr hes Hvonum. 
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CHAPTER in. 

THt: rTERii»ornvri:s. 

Sub-Kingdom III.- /77sA7/>(>/Y/I’/:/ VASCULAR 
CRYProUA.VS. 

The PteridopliNta of C>ohu include a number of plants 
commonly known e(iuisctums, adders-tuiVw^ues. ferns 
rhizocar[)s, lyropods and selaginellas. 'I'he life-hist' ly 
is divided into two stages ; the first is the sexual sta^e, 
or oophore; the be( und, the non-sexual stage, oj s])oro- 
phore. When the spore germinates it gi\es rise 
directly to the oophore, a peculiar thallus like body 
of simple construction, called the piothallu'. or pio- 
thallium. 'I'he jirotha'hum bears the rejaxKliu ti\e 
organs, the antheridia andarchegonia. After the cential 
cell of the an hegonium lias been fertilised, the young 
embryo jilant begins to develope while the prothallium 
dies and disappears. The embryo ])lant developes 
into the second stage or sj>orophore, a highl) organised, 
plant, w'ith roots, stem, and leaves, all iiermeated by 
well developed fibro-vascular bundles. 'I'he sporophore 
produces no sexual reproductive oigans, but numerous 
sporangia with sjiore.s. Tiie spores are either all of one 
kind, or two kinds, large and small, may be j»roduced 
in different sjiorangia. I’y the nature of the oophore 
and sporophore, the Pteiidoph}ta are sharjdy sejiarated 
from the Bryophyta, the jirolhallium corresponding to 
the leafy axis of the moss, and the fully developed 
spore-bearing fern-plant to the urn case. 
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The Prothallium (fig. 66) is a small structure re- 
sembling the thallus of the simplest liverworts. It is in 
many cases capable of independent existence, and is 
furnished with chlorophyll and numerous root hairs. 
At certain parts of its surface it developes the sexual 
reproductive organs, which are like those of the moss, 
and receive the same names, antheridia and archegonia. 


In (ft 



J 1 nh III uni (»l ft in ( X r ’>) 

•View of tlu uiultr suit, slmwui,; llu. ro I h urs h wuh iht antlitrulia, 
s( lUtittl mioni; tht.in , tlu ni,hti,t>in.i, at, arc bUuatcd neat the cmar- 
gni itc apex ( \fiti I’l uill ) 


The antheridia (fig. 67), arc placed on the surface 
of the prothalliiiin, 01 paitially embedded in its tissue. 
When superficial they coii'^ist of a hemispherical or 
cylindrical mass of cells. The wxill is formed by a single 
series of cells, and in the centre the mother-cells of 
the spermatozoids, the speim-cells, are developed. 
When ripe the spermatozoids aie liberated as spiral 
threads, with a niiinbei of cilia at the anterior end. 
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The archegonia (fig. 68), resemble those of the 
mosses, consisting of a lower expanded part which is 
embedded in the tissue of the prothallium, and not 
free like that of the Br) ophyta. The upper part forms 
a short neck with a central canal formed by gelatinous 
degeneration. Below is the germ-cell, the central cell 
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Anthcndn m of \ li xnt im Laptlliis I ifum {x 55 ) 

/, cells of prothallus rt, will of intlundium th». penn tells are seen esc q)- 
iiig f, sptrm itf)/ Jid, with tlu ctiiTt li prujplism of llu si)tnn tells re- 
maining atUched IS a \tsitular swelling at b (After baths ) 


of the archegonium, from which, after fertilisation, the 
embryo plant is develoiied. 

The structure of the prothallus differs in different 
groups. Thus in the ferns it is a Hat green exiiansion 
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appearing above ground, and capable of independent 
growth. In Ophioglossiim and Lycopodium the 
prothallus is a mass of 
tissue, developed under- 
ground, and forming no 
chlorophyll. In the Rhi- 
zocarps, Selaginella, and 
isoctes, the prothallium is 
exceedingly small and re- 
mains always partially en- 
closed by the large spore, 
and it developcs only the 
t'lrchcgonia. The male 
prothallus, often reduced 
to a single cell, forms the 
antheridiiim, with the sper- 
mntozoids in the micro- 
spores or small spores. 

The Macrospore (fig. 69), forms the female pro- 
ihallus, the apex only projecting from the macrospore 
after germination, and it developes only one or a few 
archegonia. 

The microspore developes a rudimentary prothallus 
and antheridium, the spcrmalozoids being produced at 
once as a result of germination. 

The second stage or sporophore is developed from 
the central cell of the archegonium, after fertilisation, 
and is a highly developed plant, with roots, stems and 
leaves. The structure differs in the different groups, 
and spores are formed non-sexually in all. 

The spores are formed in the sporangia by division 
into four of the mother-cells in the interior of the spo- 
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AkIu 4oimini of Pttyis 

(strung! j nil tihid) 

'Ihe axial low of cells of the neiL, 
ami the Kcnn II or ct ntial cell 
<){ the aulict niuin, are rej»re> 
scntecl, tMih piotoplasm and 
nuclei (After Sai hs ) 
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rangium. When the spores are of two kinds, macro- 
spores and microspores, there are t^vo kinds of spo- 
rangia, the maerospores forming in the macrosporangia. 


tic. 6y 
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the microsporcs in the niicrost)orangia. The sporangia 
are small structures often (levelot)ed in considerable 
numbers, sometimes on the surface of the leaf, or 
enclosed in peculiar folded leaves, or they develope 
in the ground tissue of the leaf itself. When superficial 
the sporangia are generally modified hairs. 

The rterido])h) ta can be divided into three 
classes. 

Class VJI. luliciihc . — The leaves are usually large 
and branc hed, the stem small and iinbranched. The 
bj)orangia aie de\el()[>ed in numbers on the underside, 
marguv or in the mesot)h)ll of ordinary or modified 
leaves or portions of leaves, and not limited to any 
stiec'ial region of the stem. 'J’lie spoies are eithei 
of one kind or both microsporcs and macrospores 
are develo[>ed. 

Cdass VI 11. Iujuii>i'tniLC . — The leaves united form 
small sheaths with toothed maigins surrounding the 
miu'h branched stem. 'I'he sjKirangia on the margin 
of Hat shield-like metamoii>hosed leaves, placed in 
whorls, and forming a cone-like struc ture at the end 
^)f ordinary or modified sl(.ms. Spores of one kind 
surrounded by ])ccuhar elaters formed by splitting 
of an external extra ('oat. 

Class IX. Lycopodime . — 'Fhe leaves are small and 
numerous, the stem, generally elongated and slender, 
branches monopodially,but simulates dichotomy ; roots 
branch dichotomously. I'he stiorangia placed singly 
on the base, or in the axil of ordinary or metamor- 
phosed leaves usually funning a cone-like structure at 
the ends of the branches. Stioies of only one kind, 
or both microsporcs and macrospores are developed. 
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Tne Pteridophyta are largely represented in a 
fossil state. Schimper enumerates 190 genera, and 
1,265 species. Tlie Filicinrc are represented by 
154 genera, and 914 species. Five families of the 
order Filices are extinct, \ ii, the Sphenopteridaj (Sphe- 
nopteris, Devonian to Tertiary) ; Ncuropteridic ( Palxo- 
pteris, Devonian and Carboniferous, Adiantites Car- 
boniferous to Miocene) ; Pecopteridre (Pecopteris, 
Carboniferous to Tertiary) ; Tocnioptcridc'e and Dic- 
tyopterida?. The Sphcnopteridee are probably related 
to the H\menoj)hyilaceai. Thirteen genera of Poly- 
podiac'ea^, all belonging to living genera, ocru/ in the 
Tertiary. Three genera of C) athxaccce in the I'er- 
tiary. Gleichcnia occurs in the Oolite and Chalk, as 
well as living; Lygodium (Schi/aiacea?) in the Chalk 
and 'Pertiary, and Osmiinda in the 'Perliary. d'he 
Marattiace«e occ'ur from the JVimian (Scolecopteris) to 
the Tertiary ; S< himper, however, inc luding Maratti- 
opsis (dertiary) and AngiojUeridium (Triassic' to Mio- 
cene) in the 'Pseniopteridie. One Oj)hioglossum is 
met with in the Tertiary. Of the RhizocarpCcX four 
genera and eight species ore ur in a fossil stale, froiK 
the Wealden to 'rertiary, viz. Marsilidium in the 
Wealden, Marsilia in the 'Perliary. along with Salvinia 
and Pilularia. In addition there are about 140 forms 
of Filicinse not completely identified, not included in 
the above. The E(]uisetinte are represented by thir- 
teen genera and 93 species ; four genera belong to 
the family Equisetaceoe, and nine to the extinct family 
of the Calamarire, the latter family being limited to 
the Devonian, Carboniferous, and i^ermian. The 
Equisetaceaj extend down to the Palaeozoic (Equi- 
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setitcs in Carboniferous), and Equisetum from the 
I'riassic, now the only living genus. Twenty-seven 
genera and 266 species of Lycopodinte are met 
with in a fossil state. Lycoj)odites in Devonian and 
Carboniferous, Lycopodium from tlie Carboniferous. 
Two species of Isoctes occur in the Miocene; but 
Selaginella has not yet been described as fossil. 
Closely related to Selaginella and Isoetes were the 
families of the Lepidodcndrae (Lepidodendron, 65 
species in C'arboniferous) and the Sigillarioe (Sigillaria, 
83 species chiefly from the Carboniferous). Both 
these families, like the Calamarice, were limited to the 
Palxozoic epoch. 

Class VII.^FILICLN/E. 

Spores, generally of one kind only, producing a 
green moncecious prothallium capable of independent 
existence. Tlie Rhizocarps have macrospores and 
microspores ; the prothallium is never independent of 
the spore. 

* llie sporophore is a leafy axis, the stem well- 
developed, rarely branched, produc ing large, generally 
dichotomously branched leaves. I’he roots are deve- 
loped in numbers by the stem and branch monopo- 
dially. The sporangia are developed on ordinary or 
modified lenve.s, and arc usually grouped in small 
clusters called sori. The sporangia in the Polypo- 
diaceie arc trichomes, the mother-cells of the spores 
develoj)ing from the central cell of the sporangium. 
In the Ophioglossaceai the spores are developed in 
the tissue of the leaf, and no central cell is formed. 
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The aj^cx of the stem and root does not always 
form an apical coll. When it docs so, it ])roduces 
either two or three rows of segments in the stem, 
and always three rows in t'he root. The fibro- 
vascular bundles aie largely developed. 'I'he xylcm 
contains the s(alaiih>nn vessels, and is surrounded 
by soft phloem. 

The Filic'inoc may be divided into two groups, I. 
Isosporea', with only one kind of spore, and II. Hc- 
terosporea% with both macro and inicrosj)ores\ "riie 
former group inc ludes thiee orders, thelattcT only one. 

J. lsosj)oreie — '^]»ores of one kind. . 

Order XXX. Filices Spoiangia of modified tri- 
chomcs, each develo{)ed fiom a single epidermal cell, 
produc'od in clusters on the surface of ordinary or 
slightly modified lea\es No stipules. 

Order XXXI. Marattiaceae. — Sjiorangia produced 
from a grout) of ci)idennal cells ; the ring either rudi- 
mentary or anting. 'Fhe large, muc h branched 
leaves with sti})ules. 

Order XXXII. Ophioglossaceae. — Sporangia 
formed by grou|)s of cells in the interior of a modified* 
branch cjf the sheathing lc*af. 'The ring is absent. 

II. Heteros])()retE.~Sj)orc‘s of two kinds ; the 
mi<TOsj)orangiiim, with numcTous mu ros])orc‘S ; the 
macros] lorangi uni, usually with one mac rospcjre. 'The 
sporangia are enclosed in modified leaves oi ‘fruits.’ 

Order XXX 11 1. Khizocarpeae. 

Order XXX. Filices. — Ferns, The s[)()res are of 
one kind and dcvelope green moncecious prothalh. 
The [irothallus, as it developes from the stiore, is at 
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first a row of cells ; but ultimately it becomes a flat 

broad rounded expansion (fig. 70), with a portion cut 

out of the anterior margin. On 

the underside, close to the emar- 

gination, the archegonia arc de- 

veloped. At this spot the pro- 

thallium is several (ells thick, a 

so that a cushion-like structure, 

bearing the re])roductive organs, 

is produced. All the ref t of the 

prothallus consists of a single 

layer o£ chlorojihyll-bearing cells. 

Rarely the prothallus ])rodiu'es / 

buds, thus multijdying by a pro- ® w' 

cess of agamogenesis. Root- 

hairs are abundant behind the Pn^thaihum (/) of AMan- 

archegonia. The antheridia are M/erfnm^Ki"w\hrwmg 

develoi^cd among the root-hairs, 

or on the margin of the pro- f the archc^omum. 

thollnQ It-.if, 7c/ , roots; 

luaiiUS. /, ,,„^t-liairs of prothalHum 

The sporojihore, or fern- (After Sachs) 

plant, has in the tree-ferns a tall erect tree-like stem, 
with a crown of large leaves at the toj). Other 
ferns generally have a bilateral stem, either more or 
less erect, or prostrate and treeping underground. 
Branching is rare; it is never axillary, but always 
dichotomous. Frecjuently buds are formed adven- 
titiously from the i)etiolcs, and on the leaves ; the 
buds on the petioles simulating lateral branches. The 
leaves are placed singly along the stem with well 
developed internodes, or the internodes may be sup- 
pressed and a crown of large leaves formed at the 
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apex of the stem. In the ferns the marks of the 
bases of the petioles may be distinctly seen covering 
the stem. The leaves are often very large, and are 
generally branched ; stipules are never developed. 
The development of the leaf is slow. The petiole 
forms during the first year ; the minute lamina the 
second, and the >\hole unrolls in thecircinatc manner 
in the third year. Some of the leaves have a periodic 
growth, as Gleichenia, which continues year by year 
for a long time. Others, as L\godium, resemble a 
climbing stem, growing long at the apex. 'Die leaves 
are often covered with dry s( aly liairs, but they are 
generally most developed at the base of the petiole. 
The whole stem, and often the petioles, develope 
roots ; hence in the tree-ferns the covering of roots 
may be tliieker than the stem itself. 'Fhe stems and 
roots po.sscxs an apical cell ; the ground 
tissue of the stem generally developes 
much brown sc lerciK hyma. 

’’I’he sporangia are formed on the 
leaves in clusters, called the sori (fig. 
71). In most cases the sori are de-^ 
velojicd on the under side of the or- 
dinary Iea\es, and are either naked, or 
covered by a scale-like structure, the 
indusium. In the Hymcnophyllaceai 
the sori are on the margin, the indusium 
being cup-like. In others, as in the 
Osmundacece, a modified ])art of the 
leaf bears the sporangia. The form and 
]iOsition of the sori differ in the various 
genera, and the sori arc either naked, or covered by 


Flo. 71. 
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a variously formed indusium. Along with the spo- 
rangia, paraphyses sometimes occur in the sorL The 
sporangium is a stalked capsule, rarely sessile (fig. 
72). It consists of a wall, composed of a single 
layer of cells surrounding the spores, which arise by 
division of the central cell. The central cell developes 
sixteen spore mother- cells. A special part of the 
wall of the sporangium becomes the ring or annu- 
lus whic h causes the case to open and scatter the 
spores. The j^osition of the annulus varies, and it 
may be either complete or incomplete. 

'I'hc ferns may be divided into the following 
families : 

A. Sori on a columella projecting from the margin 
of the leaf, surrounded by a cup-like indusium. 

Fani. I. UynicnophyllacciV . — Small plants, often 
moss-like in apj)earance, and without true roots, living 
chiefly in the antarc'tic region^. Three forms are 
llritish. The sj)orangium has a complete ring, placed 
transversely, or slightly inclined ; the opening of the 
case longitudinal. 

B. Si)orangia with long, rarely with short stalks, 
and arising from single epidermal cells. 

Fam. 2. roIypoiUiUde, — d’lie most widely distri- 
buted and largest group of ferns, varying much in 
aj)])earance. The sporangia have an incomplete lon- 
gitudinal ring and o]ien transversely to scatter the 
sj)ores. The Pol) podia cea^. are divisible into a num- 
ber of sub-families, the most im])ortant being the 
rtcridene, Aspidiea?, A.sjdeniea?, and Pol) podiea^. 

Fam. 3. Cyailucacac,— Sporangia with short stalks 
II. H 



98 


Classification of Plants. 

on a projecting base* The ring is complete and longi 
tudinal ; the sporangium ruptures transversely. 


Ik 7 



Asf>i(iti4m J thx W//79 

‘>crtion of leif, \Mth v rus sliowin^ the sporinj.'n 9 9, »nd (( vered hy 
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C. Sporangia sessile or on very short stalks. 

Fam. 4. Gl€icheniacc(c , — Exotic ferns from the 
southern hemisphere, with large leaves, generally 
showing interrupted periodic growth. Sporangia with 
a comjjlete ring running transversely and causing the 
case to o]jen longitudinally to scatter the spores. 

Fam. 5. Schizccaccic , — ICxotic ferns chiefly inha- 
biting the warm regions of Asia and America. The 
leaves often resemble a climbing stem in their mode 
of growth. The sporangia have a comiflete ring 
forming a cap-like structure at the apex of the case. 
The sporangia open longitudinally. 

J^am. 6. Osmu)idacca \ — JAtiis from temperate 
regions in Kuro])e and America ; the Royal fern, 
Osmunda regalis, inhabiting the Rritish Islands. The 
sporangia are develo})ed on modified portions of the 
leaf, destitute of i)areiichyina, and possess no ring, but 
only a pc('uliar group of cells below the apex, ^^hich 
causes the case to open longitudinally on the side 
ojiposite the special cells. 

Order XXXI. Marattiacese. — The prothallus is 
j)roduccd above ground, and is thick, fleshy, and dark 
green in colour. The antheridia are developed as 
depressicms in the thick prothallus, and appear equally 
on the ii]ij)er and under side. The spermatozoids 
resemble those of the ferns, d'he archegonia have a 
very short neck, only the two end cells ])rojecting from 
the surface of the prothallium. In structure they 
resemble the archegonia of the rhizocarps (Salvinia), 
more than the ferns. 

The stem, like that of the Oi>hioglossaceoe, is un- 
branched, and has no internodes. It devcloi)es roots 
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in an acropetal manner, and never contains strings 
of sclerenchyma. The stem has a large apical cell, 
but the root has a scries of small cells instead of 
one at the apex. The Marattias are very large, fern- 
like plants, from the tropics, distinguished from the 
ferns by their remarkable sori and by their stii)ules. 
The leaves of the genus Angiopteris are remarkable 
for their large size, being sometimes ten feet long. 

The sporangia are formed on the under side of the 
leaf, from a group of epidermal cells. I'he wall is 
very thick and has sometimes a group of cells at the 
apex, forming a rudimentary ring, somewhat like that 
in Osmunda. 

Order XXX II. Ophioglossacese. — The pro thallium 
(when known), is formed underground, and is a thick 
mass of tissue having the antheridia and archegonia 
imbedded in its upi)er surface. The stem of the 
sporophore is always very short, unbranched, and re- 
mains underground. It does not develope any strings 
of sclerenchyma. The British forms send up only one 
leaf at a time, two others being observable in a young 
condition at the apex of the stem, and enclosed by 
the sheathing base of the mature leaf. 7 'he leaf 
branches, one half being fertile, the other half ste- 
rile and so placed that the fertile branch (or rarely 
branches), project from the anterior side of the sterile 
half (fig. 73). The roots are developed from all parts 
of the stem in acroi)etal order. I'he roots do not 
possess an apical cell. The chief genera belonging 
to this order arc Ophioglossum and Botrychium. The 
former has the fertile and sterile parts of the leaf 
simple ; in the latter both are divided. The sporangia 
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are formed by ^oups of 
cells in the interior of the 
leaf, and never possess a 
ring. 

Order XXXIII. Ehizo- 
carpeae. The spores are 
of two kinds, microspores 
forming in microsporangia, 
macrospores in macrospo- 
rangia, both enclosed in 
peculiar modified leaves 
or fruhs. The macrospores 
form a minute jirothallus 
with the archegonium pro- 
jecting from the sjiore. 
The microspores either 
have a very rudimentary 
prothallus, or at once form 
the mother-cells of the 
spermatozoids. The spo- 
ro])horc is a leafy axis with 
•roots, rarely as in Salvinia, 
rootless. The stem is 
bilateral and horizontal, 
developing two or more 
rows of leaves on the 
upper side, and roots on 
the lower. The leaves 
are often rolled up in a 
circinate manner. The 
sporangia are developed 
in peculiar fruits with one 
or more cavities. The 


Fig. 73 
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st, stem ; w, roots ; bs^ she^h oi 
leaf. dividing at x into a 

fertile part f, and a sterile part fc. 
(After Sachs.) 
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fruits are modified leaves or parts of leaves. Each 
cavity developes a sorus, the sporangia arising from su- 
perficial cells. The sporangia each developc a central 
cell from which sixteen spore mother-cells arise. 
Numerous microspores are formed in each micro- 
sporangium, while only one macrospore arrives at 
maturity in each macros] )orangium. The stem has an 
apical cell which forms either two or three rows of 
segments. The root has an apical cell forming three 
rows of segments. 1'he older contains two families, 
— the Salviniaceie, having the macro- and micro- 
s})orangia in different ‘fruits;’ the Marsneacece 
having them both in the same fruit. 

Fam. 1. SalvifUiurw. Salvinia natans occurs in 
Central Europe (loating in fresh water. ^I’he micro- 
spores develotie a minute male prothallus, which 
])rojectb from the s{u)re like a short sac. The ajiex 
of the sac divides into two small cells, the rudi- 
mentary antheridium in whkh the spermatozoids 
are formed. The female jirothallus forms inside the 
spore, and a])pears at the apex of the macrospore 
bearing several archegonia. 

The siiorophore is a floating water-plant having a 
horizontal stem with two rows of flat, simple, green 
leaves on the upi)CT side, and one row of divided, 
submersed water-leaves on the under side, resembling 
roots at first sight. The roots are absent. The 
bporangial fruits are formed by the branches of the 
modified water-leaves, and arc globular, one containing 
a sorus of macrosporangia, the other a sorus of 
microsporangia covered by an indusium. (Fig. 74.) 

Azolla belongs to the same family. It differs from 
Salvinia in possessing roots. 
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Fam. 2. Marsileacta, Includes two genera, Mar- 
silea to which the Nardoo plant of Australia belongs, 
and Pilularia. The latter is British. The male 
prothallus is wanting, the contents of the microspore 
breaking up into the sperm-cclls from which the sperma- 
tozoids are developed. The female prothallus, which 
projects slightly from the spore, dev elopes a single 
archegonium. 

I \( 74 



ima >iaiani (x 10) 1 on^ilu<hn il stclioii ihr jugh three 

icrtilt jjnecs of a m ik r Ic 

t, /, two fruits, with microsporaiit.i'i a one with macrosporangia (After 
Sachs ) 

The sporophore of Marsilca (h'ig. 75) consists of 
a creeping stem running along the soil at the bottom 
of shallow water. It produces two rows of long- 
petioled leaves, each with four leaflets. The under 
side of the stem developes numerous roots. The 
leaves branc h near the base, the fertile part being a 
small oval fruit in the interior of which are many sori 
enclosed in indusia. The sporangial fruit is a modi- 
fied leaf; the sporangia spring from the superficial 
cells of the inner surface, and are therefore modified 
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second 1 imil\ of the same ( 1 iss 
Spores aic ill similar, but 
genei illy develotnn^ two kinds 
of jirotli illus I he jirothallus 
is miH h hnnihed, somewhat 
like an endive le if, and de 
velojics the anhegonum the 
anjes between the lobes "I he 
antheridu are formed at the 
ends ot the lobes of the sm ill 
mile jirothillus llie pro- 
thallus is developed above 
ground, is gieen, and cajiable 
of inde])endenl evisttme 

Ihe s})oioi)hore d-vclopes 
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numerous underground stems which branch fre- 
quently, give off numerous roots, and send up yearly 
annual green-coloured aerial stems. I'he aerial stem 
is jointed, and bears the leaves as ring-like toothed 
sheaths (fig. 76), each fine tooth representing a leaf. 
'Fhe surface of the aerial 
stem is niarked with ridges 
and furrows, the ridges (or- 
resjiond in position to the 
apices of the sheath le.ucs. 
ddie branches, which were 
formcfily considered as aris- 
ing endogenously, have re- 
cenll) been sliown to be 
axillary, d'hey lescmblethe 
main axis in structure. 

'I'he stem and root have 
each a]argea[)i(’al cell form- 
ing three rows of segments. 

'The braiu'hing of the root 
i.s abva} s monopoclial. d'he 
' fibro-vasc ular bundles in 
the .stem are arranged in a 
circle when looked at in 
transverse section. Like 
those of the monocotyledon.s, the xvlemof the bundles 
is feebly developed. The central fibro -vascular body 
in the root has no pericamlhum layer. 

Tiic aerial shoots may he eitlier sterile or fertile, as 
in Iscpiisetum arvense and E. maximum. The fertile 
branc lies are formed in spring, contain no chlorophyll, 
and are unbranehed ; the green, sterile, branched 
stems forming later. In other species, as E. limosum, 
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the fruit is developed at the end of the ordinary green 
stem. The cone-like fruit (fig. 77) consists of whorls 
of modified leaves bearing the sporangia on the inner 
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side. Below the cone is a modified whorl of sheath- 
leaves called the ring or annulus. The shield-like 
leaves have an expanded shield-likc ui)per part, and a 
narrow stalk, and are arranged in alternating whorls 
round the stem. I'lie emergences forming the spor- 
angia are from five to ten in number, and occur on 
the inner side. When the siiores are ripe, the sporan- 
gia open, and the spores are scattered. The spores, 
which do not arise from a central cell of the spo- 
rangium, have a triple wall, tlie external one break- 
ing up into four long filaments or elaters, by which 
the i^rores are sc attered. When dry the elaters are 
s])read out like the arms of a < loss, and when moist 
they coil round the siiore. 

The plants are met with in marsh) and wet places, 
and are all of small si/.e. 'Fhe Calamites, their remote 
relations of tlu‘ Coal Period, were gigantic plants, and 
very different in ajitiearancc fiom those now living. 

Class IX.— LYCOrODTN/E. 

The prothallus either developes from one kind of 
spore, and is moneecious, bearing both antheridia and 
archegonia, undergouiid, and capable of independent 
existence; or there are two kinds of spores, microspores 
and macros[)oros, tlic prothallus with the archegonia re- 
maining attached to the macrospore. The sporophore 
is a simple or much branched stem developing numer- 
ous roots and covered with small, very numerous simple 
leaves, each w ith a single central fibro-vascular bundle. 
The stem branches monopodially, the roots dichotom- 
ously, the stem often showing subsequent bostrychoid 
and cicinnoid modifications. The sporangia are devel- 
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oped singly on the upper side of the leaf close to the 
base, or they are axillary, or may be placed on the 
stem above the axil. The sporangia arise from groups 
of cells below the epidermis. The mother-cells of 
the spores do not develope from a central cell. 

Order XXXV. lycopodiacesB.— Spores of one kind. 


r'ic. 7'-’. 



/ yit^/>o(htun nat. si/t*)- 

Stem with leaves and roo <, and bcaniiei ftriilo bpike^, s. (After Prantl.) 

The prothallus of Lycopodium is a mass of tissue 
without chlorophyll in the cells. It is developed under- 
ground and developes both antheridia and archegonia 
sunk in the tis'^uc. 

d'he bteiii of the sporophore (fig. 78), branches 



monopodially, and grows greatly in length, often 
creeping over the surface of the soil and rooting freely. 
The stems are clothed with small leaves placed 
close together ; the leaves have no ligules ; the roots 
branch dichotomously ; the leaves are quite un- 
branched. 

The s])orangia sj>ring from the tissue of the upper 
side of the base of tlie leaf; sometimes tlie leaves with 
tlic sporangia do not differ from those on the rest of 
the stem, but in other eases the fertile leaves are 
collected into a cone-like fruit. 

Four genera, including J.yco})odium, belong to the 
Lycopodiacea^, but nothing is as yet known of the 
life-history of three of them. These are Tmesipteris, 
Phylloglossum, a little plant not unlike an C)j)hipglos- 
sum and Psilotum, the latter bearing exceedingly mi- 
nute leaves, and having no true roots, the peculiar 
under-ground stems developing root hairs only. 

Order XXXVI. Ligulatae. — Leaves with a ligule 
near tlie base. Spores of t\vo kinds, microspores and 
macrospores. The Ligulataj can be divided into tw'o 
families, Selaginelleae and Isoeteoe. 

Fam. I. Sdaginclit\e , — Prothallus small, of two 
kinds, never independent of the spore. 

The sporophore of Selaginella resembles that of 
Lycopodium. The stem branches monopodially, and 
is creeping or erect. The internodes are short, the 
leaves small, rounded or slightly elongated, generally 
in four rows — two of the row's large and tw'o small. 
'J'he stem is thus bilateral. The leaf has the ligule at 
the base, a minute scale-like body on the ui)per surface. 
The roots branch dichotomously in alternating planes. 
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The sporangia arc placed singly in the axils of the 
fertile leaves (fig. 79). These leaves are generally 
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micr()S\)orcs. In llic unu rusixtrimgta (mly one of the 
nuincTous spore inotlKi celli (Uviiles into four and 
becomes mature, while in the murosiKirani'b all the 
mother-cells divide. 

The macrospores devclope a small j)rothallus 
which projects slightly from tlio sj)ore and produces 
one eg- more archegonia and a few root hairs. The 
interior of the spore is tilled with cellular tissue, which 
has been called the on(los])erm. After fertilisation 
the embryo developes. w ith tdoi, stem, leaves, and foot. 

Ihe microspores de\elo[)e an exceedingly rudi- 
mentary protliallus, one cell forming the mother-cells 
of the spermatozoids (fig. 69). 

1 he Ilritish species of .Selaginella, .S. spinosa, re- 
sembles a Lycopodium very closely. S. Kraiissiana 
and m.any other exotic forms are cultivated for their 
.beauty, 

Fam. 2. /fcf/o?.— The prothallus is small, of two 
kinds, and ne\'er independent of the spore. 

I'hc sporophore of the genus Tsoetes lives in fresh 
water lakes. It has a short unbranched stem produ- 
cing numerous dii hotomously branched roots. The 
leaves arc numerous, long, narrow, and sheathing at 
the _l)a.se, a groove separating the sheath from the 
lamin.a. At the upper jiart (if the groove the ligule is 
placed. 

1 he sjrorangia are placed in a depression in the 
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sheath of the leaf, near the base, on tlie upper side. 
The macrosporangia are developed by the outer leaves, 
the microsporangia by the inner. The macrosj^ores, 
like the microspores, are developed in numbers in the 
sporangium. 


('IIAPTKR IV. 

THE iniAxrRooxM". 

SrTJ-Ki\oi)OM ]V,- /yA/.V/rA’0(7./.W./ SELD- 
EE \RL\\r PL IX'Ps. 

The Phanerogams or seed-bearing ])]ants are charac- 
terised by their i)roducing flowers and seeds. The 
seed is formed ])y the ])erfect j)lanl, an<l l)eromcs 
detached from it \\lien ri})e. It is (levelo])ed as a 
result of fertilisation, and ('oiisists c )Sentially of two 
parts, namely, the integument or sj)ermoderm, a ])art 
of the tissue of the })arent ])lant, and the embryo or 
young plant, a new formation develoi)ed from the 
germinal cell of the ovule alter fertilisation. When the 
embryo is fully develoi>ed it is a small plant furnished 
with stem, leaves, and root. In addition there 
generally exists in thj interif>r of the seed, a mass of 
tissue, the endosperm, containing nutrient matter for 
the use of the embryo plant during germination. In 
some plants the endosperm is abundant, the so-called 
albuminous seeds, while in others, cxalbuminous seeds, 
it is entirely wanting. When the seed is detached 



from the parent plant it germinates, after a longer or 
shorter period of rest, and devcloj)es a new plant. 

The flower (fig 8o) contains the reproductive organs 
which de\ elope the seed as a product of fertilisation. 
Tlie male repioductivc celh are the pollen-grams. 
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VC side, I , il tl c ipcx <1 sc to the end of the pt lien tube (After Prantl ) 


They are c ontained in the pollen sacs or loculaments 
of the anther, a portion of the stamen. 1 he stamen 
consists of the filament or stalk, the anther, and 
freciuently a poition of tissue, between the two halves 
of the anther, called the connective. The female rc- 
II. 1 
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productive cells, the germinal vesicles, are contained 
in the young seeds or ovules. The ovules are generally 
enclosed in folded leaves called the carpids — Angio- 
s])erms (i)lants hearing seeds in a case), or Metasperms 
(secondary seed-liearing j slants), — which, after the fer- 
tilisation of the germinal vesicles by the pollen-tube, 
become the carj)els and form the fruit. "I'he lower 
swollen part of the carpid in A\hich the seeds arc con- 
tained IS the ovary. In the groiij) of plants called 
Gymnosperms (naked seeds), or Archisperms (primitive 
seed-bearing jdants), the carj>ids are believed by many 
to be wanting, and the o\iiles to be thus naked, and* 
hence the term Gymnosperms sometimes a])i)lied to 
them. 

"J'he pollen grains an* developed, like the spores of 
many of the louei ]>lantN, b\ division into four of the 
pollen mother-( elK foniKd in the four pollen sacs, two 
sacs in eacli half of the anther. In the monoc'otylc- 
dons and die ()tyledons the pollen grains are single 
cells, with a double coat. The outer coat is cuticular, 
often coloured and variously marked, and c'alled the 
extine, Tlie inner cellulc)'>e layer is called the intine. 
When the ])ollen grain is applied to the stigma of 
the carpid the exline is ruptured, and the intinc 
protrudes as the ])ollen tube, which penetrates the 
tissue of the style, and ultimately reacjhes the young 
ovule. The pollen grains of the Ciymnos})erms or 
Archisperms consist of mcjre than one cell, covered by 
a common external niticmlar coat or extine. 

I’he germinal vesicle is developed in the embryo-sac 
in the interior of the nucleus cjf the ovule. The ovule 
consists generally of three parts. The first is the 
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central mass of tissue called the nucleus. I'he second 
part consists of the one or two coverings surrounding 
the nucleus, but not completely inclosing it. These 
are the ovular integuments. They are distinguished 
as the outer and inner, or by the names primine and 
secundine. The inner coat or secundine is developed 
before the outer or primine. When only one is present, 
the outer or primine i.s the one that is wanting. The 
integuments are incomi)lete at the top and leave a little 
opening or foramen, called the micropyle. The mi- 
cropyle may be formed by the two integuments, when 
the o])eeing in the secundine or inner integument is 
called the endostome, the o})ening in the outer or pri- 
mine, the exostome. In other cases the inner integu- 
ment alone form^ the microi)yle. The third part is a 
longer or shorter stalk, su])porting the ovule, called 
the funiculus. I5y means ol the fuiiiciilils, the ovule is 
attached to the carj)id, or to the axis of the i)arent plant, 
and the part, whatever its nature may 1)C, to which 
the ovule is attac'hed by its funi('ulus, is called the 
placenta. Rarely a third external covering forms 
(hiring the ripening of the seed. It is known as the 
aril, of which the mace of the nutmeg is an example. 

Three kinds of ovules (fig. 8i), arc generally dis- 
tinguished by special names according to the form, 
nature, and position of the parts. Thus there is the 
anatropous or inverted ovule, the commonest form, 
"rhe niu'leus is straight, the micropyle at the apex, the 
funiculus is attached along the side of the integu- 
ment, forming a projection called the raphe. The 
place of attachment of the funiculus to the placenta, 
the hilum, is therefore close to the micropyle, and 
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opposite the base of the nucleus, the chalaza. The 
ortholropous, ntropous, or straight o\ule, is the rarest 
form, and has, as its name imj)lies, a straight nucleus, 
the macrop)]e and chala/a being at opposite ends, 
and the funic ulus, which is straight, so placed that 
the hilum is close to the chala/a. In the third, the 
canipylotrojial or bent o\ule, the >vhole nucleus is 
bent on itself, so that the muropyle, chala/>a and 
hilum are all brought close together. 


I U tl 
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funiculus (After i’r.uUl ) 

In the interior of the nucleus of the ovule is a 
large cell, filled with protoplasm, called the embryo- 
sac. At the upper end of the embryo .sac, that is, at 
the part nearest the microp>le, two or more cells are 
formed by free-cell formation, called the germinal 
vesicles. In tlie gymnosperms or archisperms, the 
embryo-sac is filled with cells, the endosperm, the 
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homologuc of the prothallium or oophore of the Pteri- 
dophyta. At the apex of the endosperm, close to the 
(so-called) micro] )yle, several structures called the 
corpuscula, are develo])cd. These corpuscula, or 
secondary embryo- sacs of ITcnfrey, are the central 
cells of rudimentary archegonia. '^Fhe neck of the 
archegonium is rei)resentcd by a few cells called the 
rosette, the central part having the rudiment of a canal 
cell, as ])()inted out by Strasburger. 

Fertilisation is effected by the pollen-tube reaching 
the germinal vesicle, and a diffu'-ion of matter taking 
})la<‘e. il’he germinal \esi(:le ikmv forms a cellulose 
wall, then disides and produces a row of cells, called 
the suspensor, at the ai)ex of which the embryo is de- 
\ eloi)ed. In the g) mnosperms the (X)ri)iiscule divides, 
the small cell formed at the lower ])art dividing by 
succcssi\e longiiudinal and transverse ])artitions, and 
thus forming numerous suspensors, at the ends of 
each of whi('h an eml)r)o is devcloj)ed. 

In the gymiiosj)erms the ])ollcn grains are applied 
directly to the naked niu leiis of the ovule, while in 
tly.* angios])eims the ])ollen is applied to the stigma, a 
si)ecial })art of the t‘ar])id ; the pollen-tube i)cnetrates 
through the tissue of tlie st)lo, reaches the ovule, 
enters by the micro])yle, and thus comes into contact 
with the nucleus of the ovule. 

The cml)ryo-sa(' ('ontains, in many cases, a nutrient 
tissue, the endosperm formed by free-cell formation 
jn the interior of the sac. Many se])arate cells are at 
first develo])ed; these adhere and form a tissue, which 
subsequently grows by cell division. In the angio- 
sperms it forms after fertilisation has taken place \ but 
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in the gymnosperms it forms very early, before fertili- 
sation, and ill the latter (Msc rejiresents the prothal- 
lium or oophorc of the Pteridophyta. In the angio- 
sperms, in a few rare cases, a few cells, the antipodal 
vesicles, originate very early in the embryo-sac, oppo- 
site the germinal vesicles, and these are taken to be 
the representatives of the endosperm of the gymno- 
sperms or prothallium of the pteridophytes, the em- 
bryo-sac representing the macrospore. The endo- 
sperm may be present in greater or less quantity. 
Sometimes it is only jire.^ent in the early stages of 
development, and has entirely disa])pcared when the 
seed is ripe. In other cases, as in Alisma, no endo- 
sperm is formed at all. In a few jdants the endosperm 
is replaced by perisperm, when the tissue of the nu- 
cleus of the ovule becomes filled with nutrient matter. 

The embryo in the ripe seed is generally furnished 
wdth stem, leaves, and root (fig. 82). The root origi- 
nates at the ajiex (jf the short stem or axis which bears 
the first leaves, the seed-leaves or cotyledons, at the 
opposite end. In many ca'^es a little bud or ])lumule 
is visible between the cotyledons. The stem and ro6t 
is generally called the radicle; but it is necessary to 
distinguish the very short jirimary root from the hyjio- 
cotyledonary portion of the stem. The first internode 
above the cotyledons may be called the epicotyledo- 
nary portion of the axis. 

The reproductive organs are the essential parts of 
the flower. The stamens and carpids are almost 
always modified leaves, rarely they arc caulomes. 
The flower is therefore an axis bearing modified 
leaves, the modified leaves being the reproductive 
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organs. A flower may contain one or many stamens, 
and the term androeciiim is applied to the male repi )- 
ductive organs collectively, the stamen being one cf 
the modified leaves forming the androecium. So with 
the female reproductive organs ; the modified leaves, 
carpids before fertilisation, carpels after fertilisation, 
form the gynoecium. The gynoerium, after it has 
arrived at maturity after fertilisation, is the fruit. In 
addition to the reproductive organs certain envelopes 
or coverings are generally present, surrounding and 
protecting the essential rej productive organs. The 
whole covering is known as the perianth. Sometimes 
the covering is single, consisting only of one series of 
modified leaves, when it is known as tlie perigone; in 
other cases the perianth consists of a double series of 
parts, when the outer scries is distinguished as the 
calyx, the individual leaves being sepals, the inner as 
the corolla, the single leaves being petals. Some 
flowers contain both stamens and carpids, and are 
known as hermaphrodite ; others may be only male 
or female, and are then unisexual or diclinous. Wlien 
the flowers are diclinous, the jplants may be eithea 
monoecious or dioecious — moncecious if the male and 
female flowers are on different parts of the same plant, 
and dioecious if on different plants. Rarely the 
plant is polygamous, producing male, female, and 
hermaphrodite flowers on the same or on different 
plants. 

Plants either produce seeds once or repeatedly. 
The former are inonocar[)ic, the latter polycarpic. 
Plants lasting one or two years, annuals, biennials, 
are monoc.arpic, while perennials are rarely mono- 
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carpic, but generally polycarpic, and produce seed 
repeatedly. 

The phanerogams can be divided into two groups, 
the archisperms or gymnosperms, and the metasperms 
or angiosperms. 

A. Archisperms or Gymtwspcrjus, 

Seeds naked, not enclosed in an ovary, })ut placed 
on the surface of an open carpel or directly on the 
floral axis. The embryo sac contains the archegonia 
(corpuscula), and is filled with endosperm before fer- 
tilisation. The ])ollcn-grains consist of two or more 
cells, from one of whi( h the pollen-tube is developed. 
"J'he pollen is api)lied to the naked nucleus of the 
ovule. Some observers consider the so-called ovular 
integument to consist of two carpids. 

Class X. Archispermia or Gymnospermia, 

n. M da sperms or An^^iosperms. 

Ovules enclosed in an ovary. The endosperm 
formed by ftce-cell formation after the fertilisation of 
*the germinal vesicle. The ])olien-grain is unicellular, 
and applied to the stigma of the carpid. 

Class XI. Monocotylcdoncs, — d'he embryo gene- 
rally small, with one seed-leaf ; the endospcim usually 
abundant, and occupying a large si)ace in the ripe 
seed, rarely scanty or absent, or replaced by peri- 
sperm. Main root of embryo usually becoming abor- 
tive and replaced by lateral rootlets. Stem with 
closed fibro- vascular bundles scattered in the ground 
tissue. Leaves generally with parallel, rarely with rc- 
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ticulated, veins. Flowers mostly trimcrous. Perianth 
usually with both whorls petnioid. 

Class XII. Dhvfyh\lim€s.--')ihQ^ embryo with two 
opposite cotyledons, very rarely 'with one or none. 
The endosperm very frequently wanting in the ripe 
seed. Main root of embryo usually well developed. 
Stem with open fibro-vasnilar bundles arranged in a 
ring. Leaves mobt branched, w’ith retic'ulated veins. 
Flow’ers usually wath calyx and corolla; the paits 
pentamerous or tetramerous 


CHAPTFR V. 

THE AE('inSl‘i:RMl \ <)R C ’.VMXOSPERMIA. 

A. Archisperms or Gymnoperms. 

Class X. AR(”riISl'F,KM I A. 

Plants monav'ious or dicocious; the flowxTS without 
a perianth, except in the Cnetac ex. The male flow'CTS 
(fig. 83) consist of an elongated axis, !)caring nu’tnc* 
rous variously sha])ed stamens, sometimes shiclddike 
or leafdike, having on their undersides two or more 
separate pollen-sacs, wTich dehisce longitudinally. 
The pollen-grains consist of tw’o or occasionally more 
cells, the larger forming the pollen tube. The extine 
often has peculiar apjicndagcs, and the form of the 
pollen-grain varies. 

The female flowxrs generally have an elongated 
axis bearing the scales, regarded by some as the oi)cn 
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carpels, by others as the i)lacenta, with the ovules 
either above or between them , at other times the axis 
directly produces the ovules The carpels often cover 
the seeds, \Mthout, however, forming a closed ovary. 
By some the so called ovular integument is regarded 
as consisting of two united carjicls. 

The ovule is straight, rarely anatropous, with a 
very short funiculus, and [losse^'scs but one integu- 
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ment, — the carpels of some authors The nucleus is 
very large, and the eiiibi)0 sac is placed at some dis 
tance from the mKio]))le Ihe s.mbr)Osac (fig. 84) 
is early filled with endospeim, and at the apex severd 
(orjniscula are dcvelojied The endosperm or ‘prO' 
thallium' contains the toipuscula or ‘arclugonia/ the 
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corpusculc consisting of a central cell, and the rosette 
with central canal cell, representing the neck of the 
archegoniimi. The embr)o sac represents the ‘macro- 
spore;' and thus the close relationship between the 
higher pteridoph}ta and the flo^^erlng ])lants can be 
traced. The }>ollcn-grains i epre sent the ‘ mir rosporcs,' 
which, howc\tr, no longer dev elope speiin.'to/OKls. 



T>n^r'\m of t Mik f / /;/ / li n i f Ttili U)on 
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The pollen cells aie (anicd by the wind to the inuro- 
pyle, the orifice of wliuh is hlled with a fluid secre- 
tion. Ihe fluid dries, and cinies tlic pollen cells into 
contact with the end of the naked nucleus 'I he j>ol 
len-tubes are then piotruded, and after a lon^^er or 
~i firnp ihti end of the pollen tube icadies the 
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rosette of the corpuscule (fig. 85), and fertiliation 
takes i>lace by diffusion. The coq>uscule now divides 
by a transverse wall to form the germinal vesicle, 
which subsc(iiicntl) divides by longitudinal walls; and 
the suspensors or jiroeinbryos are formed, at the end 
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(After H afmci''te.i ) 

of cuh of which an tmbryo is subsequently de* 
velopcd. 
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The ripe seed contains abundance of endosperm. 
The embryo is surrounded by endospenn, with its 
root-end directed towards the mit'ropyle. "J'he em- 
bryo-plant has two or more ( otyledons in a whorl. 

The class Archispermia includes three orders — 
Cycadaccic^ Conifra^ and Gnctaceic. 

Order XXXVH. CycadacesB. — 'Fhe cycads have a 
considera.ble supcrfu'ial resem])lance to the tree-ferns 
on the one hand, and to the j)alnis on the other. I'he 
stem, whicli seldom branches, is short and thick, or 
till and cylindrical, thickly co\ered with the remains 
of the leaves and has a crown of large brai^ched 
leaves at the top. 'I'lie leaies are of two kinds, dry 
brown scale-like leaves, and pinnate green leathery 
leaves, formed eitlier annually or at intervals of 
several years, and forming a ciown at the summit of 
the stem. 

The male and female llowers are ])roduced at the 
apex of the stem, on sej)aiate individuals. The male 
flowers consist of an elongated axis, bearing flat shield- 
like stamens, on the back of which numerous pollen- 
sacs are placed. Tlie female flowers are generally 
cone -like, the axi.s beaiing many car])eLs, with two 
straight ovules on the inner side. In the genus Cycas 
the female flower consists of a rosette of leaves, like 
the foliage leaves, but smaller, and bearing ovules in- 
stead of the lower ])innoc of the leaf (fig. 86). After 
the Cycas has flowered, the axis again elongates and 
produces new foliage leaves. 1'he ovules have a 
single integument, with a thick and succulent 
layer, attaining considerable dimensions or 

those of Cycas being about the size of a Caches the 
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lertilisation- The embryo has two cotyledons, which 
remain in the seed during germination. 

The Cycadacene are met with chiefly in the 
southern hemisphere, tropical and South America, 
South Africa, South Asia, Australia, and New Zealand. 

Order XXXVIII. ConifersB, or Pine-trees. — The 
stem is much branched, the branching being monopo- 
dial and axillary. 'Phe structure of tlie stem is like that 
of the Dicotyledons, the stem increasing in circum- 
ference by a cambium ring, but the wood part of the 
bundle is very different ; no vessels are formed, the 
whole of the xylem generally consisting of vessel- 
like wood prosenchyma with bordered pits on the 
walls. 

The male flower is an elongated axis, bearing 
shield-like leaves, and having two or more ])ollcn-sacs 
on the under side (fig. 83). The structure of the female 
flower varies in the dilferent families. The embryo 
has a well-developed main-root, and bears two or more 
cotyledons, which aj)pear above ground free from the 
spermoderm after germination (fig. 82). 

Fam. I. blowers always diclinous, the, 

embryo with two cot}ledons. In Taxus baccata (fig. 

87) , the common yew, the ovules are ])laced singly at 
the ends of very short side axes. No hard dry scales 
are developed. The fertilised seed when ripening 
becomes covered with a red fleshy aril. The leaves 
are placed spirally, but bent to form two rows. They 
are linear and of a bright green colour, but without 
any white lines of stomata. Salisburea adiantifolia (fig. 

88) , from Japan, has two, rarely three, ovules at the 
ends of peculiar leafless shoots. The outer layer of the 
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wall of the seed is fleshy, and of a reddish orange colour 
when ripe. The leaves are 
flat, stalked, and very un- 
like those of other conifers. 

Phyllocladus lias leaf-like 
shoots or clad odes. 

Fam. 2. Abieti)ie(C . — The 
flowers are nionoccioiis or 
dicecious. The female flower 
is the cone, and consists of 
an elongated axis bearing 
hard scales, on the up])er 
surface of eac h of which the 
seeds are placed in pairs, the 
micropyle pointing inwards 
and downivards. The scales 
are placed, in the true Abie- 
tinea) (fig. 89), in the axils 
of small bracts, which are by 
some considered as the true 
carpels, the scale being the 
^jlacenta. The seed-bearing 
scales are at first separate, 
to permit the entrance of the 
pollen ; then they close, and 
do not open till the seeds 
arc ripe. In the silver-firs 
(Abies) the whole ofthc scales and bracts separate from 
the axis when ripe. The seeds have a hard wall, 
and are provided with a wing-like ajipcndage which 
separates from the scale. In Araucaria the bracts 
are soldered to the scale, and the ovule is enclosed 
II. K 


Tax HS bacctxia. 

A, male flower (magnified) : at, 
the pollen-sacs , U, stamen seen 
fiom below, the pollen-sacs 
•pen : C, stem with leaf l\ 
aving a ‘.hoot in its axil, bear- 
ig s< alc-lc.u es, s, and a single 
•vide, .11 the end of .a lateral 
•ranch , D, longitudinal section 
of C (magnified) , /, integu- 

ment ; kk, nucleus , w, aril ; 
A, apex of the shoot , E, longi- 
tudinal section of ovule further 
developed, but before fertilisa- 
tion (magnified) . r, endosperm ; 
A, upper scale-leaves. (After 
Sachs.) 



in the scale. In the genus Pimis the seed re- 
quires two years to rome to maturity. When the 
cones are \cry small and jniq»lish-l)n>\vn in colour, 
the pollcn tube onl\ grows a minute length into the 
tissue of the nucleus. In June of the next year the 
pollen-tube grows and reaches the embryo-sac, and 
fertilises the corpiiscula. In Vicea, tlie leaves are 
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sA, o\ nits ill pairs at the tnd of naked aAcs. (After Sachs.) 


spirally arranged, and i^rojcct on all sides of the shoot. 
They are generally rather tetragonal, and su])]')orted 
on small cushions. In Abies the leaves arc inserted 
singly in a s])iral manner, but bent to form two lateral 
rowsL The leaves are rarely jjointed, generally blunt 
and cmarginate. and have two white ])an(ls of stomata 
on the under side. They are inserted directly into 
the stem, and arc not placed on cushions. In Pinus 
the necdle-like leaves are in bundles on a very short 
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lateral axis which first forms scale leaves, and then 
the long needle like green lca\ es The short lateral 
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stirfxre (ndiiecd) ( jjjxe stilt with two wim ed seeds sn, seed J", 
wuif, (reduced) (Alter beh leht ) 
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axes are placed in the axils of small scale leaves on 
shoots which have no green leaves. Pinus sylvestris 
has the needles in pairs, P. Ceinbra from three 
to five needles in a bundle, and P. Strobus five. 
Larix europrea, the larch, has clusters of deciduous 
green leaves developed in the axils of imperfect 
soft nccdle-like leaves. Araucaria imbricata has 
numerous persistent leaves closely covering the whole 
stem. 

Fam. 3. Cu^rcssinecc, The female flowers are 
formed at the ends of short lateral axes, and consist of 
several alternating whorls of two or three scales or 
carpels (Fig. 90), which bear several erect ovules at the 

base on the inner side. 
3 'lie bracts and scales 
are cntiicly soldered 
together. The carj)els 
become hard and woody, 
and completely closed, 
but open when the 
seeds arc ripe like the 
valves of a capsule. In 
Juniperus the carpels 
are fleshy and form a 
fruit like a berry, which 
does not open to let the seeds escape. Some .s])ecies 
require two years to ripen their seeds. The flowers 
arc monoecious or dicecious, and the embryo has 
usually two cotyledons. In Juniperus the leaves 
are needle-like and free, but in other Cupressineai 
the leaves are scale-like elevations of the cortical 



Callitnii quad rival as ftinak flowtr 
(magnified). 

d, d, decu^'iating carpellary leaves, 
with six oviilt-s, A's. (After S.uhs.) 
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layer of the shoot, the formation of the lamina being 
suppressed. These leaves are generally decussating, 
or in whorls of three or more. 

Order XXXIX. Gnetacese. — The Gnetaceae differ 
from the Conifers in having the androeciiim andgynoe- 
cium surrounded by a perianth resembling that of 
the angiosperms, the flowers being in monoecious or 
difecioiis inflorcsceiKCS. Kt)hcdradistachya of Southern 
Eiiroi)e is a low shrub with long u])right branches and 
small whorls of sheath-like leaves like an E([uisetum, 
and with dioec ious flowers. Welwitschia, a remarkable 
plant frt»m AVest Africa, is distinguished by its peculiar 
stem, two persistent cotyledons, and dichotomously 
branched inflorescences. The male flowers consist of 
two outer parts of the perianth, two inner parts, six 
stamens, formed hy branching from two primordial ones, 
and two carj)els, prolonged above into a functionless 
style and stigma, surrounding the abortive terminal 
ovule. The female flower has no perianth or stamens, 
but has two carpels. The terminal ovule has one 
integument. 

• Th^i Archispermai are largely represented in a 
fossil state. I 1 ie Cycadacete appear in the Car- 
boniferous, and attain their maximum development 
in the Mesozoic rocks, most of tlie thirty-seven 
genera and 300 species enumerated by Schimper 
occurring in the Triassic, Oolitic, and Cretaceous. The 
Coniferaj are represented by fifty-tliree genera and 440 
sj)ccies, chiefly from the Mesozoic. Pinus has 113 
species in the Tertiary and recent strata. Pinites 
extends from the Carboniferous to the Tertiary. Of the 
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Gnetaccce only two species of Ephedra occur in the 
Tertiary. 

The true relations of many of the known fossil 
remains of Archisperms arc as >et problematic. 


( IIAIM’LR \ I. 

111! Ml I V IM 1 Ml \ (>R WcaOM'LRMI V. 

1 Mt ii / /// s or - / //s, A » s/t / /// V . 

Tin iloucis UK iJicK inoiKci ions oi diiecious, 
iisiKiliy htrinaphioditL 'Dk axis lonns a thalamus, 
torus, or icccplatlt on wludi the fluial leaves aie 
arranged in whuiK , mkIv the juits aie in spirals. 
The completion of the spnal, vvIkii it ( orres[)onds to a 
change in the value of the jiarts, and the v\hoilb are 
to be distinguished as cvcles. Tlie axis generally 
ceases to grow in I ngth after the formation of the floral 
leaves. I’he elongatetl portion below the flower )> 
the peduncle, the sinallei blanches of the peduncle 
are the ])edieels. If the {reclunclc be wanting the flovser 
is sessile. FieqiieiUly the peduncle bears small 
leaves, the biacts oi ])ioph}lla. The thjral leaves are 
generally separable into three series, < ailed the peri- 
anth, andrcec'itim, and gymec'ium. 

The outer seric's of floral leaves forming the cover- 
ing to the reproductive organs is the i)enanth. The 
perianth may be wanting, as in the Piperaccxx', but 
commonly it consists of two cycles, the outer the 
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calyx, the inner the corolla. The individual calyx 
leaves are called sepals, the corolla leaves i)etals. 
Commonly the sepals arc green, have a coarser texture, 
and are smaller than the delicate, generally brightly- 
coloured petals. Both cycles may, however, have the 
same texture and appearance, being either both sepa- 
loid or i)etaloid. Many plants i>ossess only one cycle 
of perianth leaves. It may then be distinguished as 
tile perigone, tlie single ( overing being either sepa- 
loid or petaloid. In other eases one of the coverings 
may be entirely suppressed, as tlie corolla of many 
Caryoyhyllaceie, and the cal>x of ComposiLe (Fig. 91). 
Sometimes the number of parts or 
number of cycles becomes increased. 

Two or more c)cles of calyx and 
corolla may be present, and in sj)nal 
flowers the i)arts sometimes become 
very numerous, and the cycles run 
into each other. In Nympha,‘a this 
is well seen, there being every tran- 
sition from green caly^x leaves to Diaj^ramof the flower 
j[)crfect petals and then to perfect 
stamens. 

The floral leaves forming each cycle are either 
completely separate from each other or united into along 
or short tube, having as many lobes or teeth above as 
theoretically there are united leaves. When the calyx 
or corolla consists of sej)aratc se])als and petals, then 
the terms eleutherosei)alous or ])olysepalous, and eleu- 
thcroj)etalous or polypetalous are employed. If by the 
united growth of a common ring-like structure from 
the receptacle (sometimes distinguished from ordinal y 
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phyllomcs as a cyclome), the i)arts arc api)arently 
united, then the calyx or corolla is called gamose- 
palous and gamopetalous. I'he j)erig()ne may similarly 
consist of separate or a])i)arently united or colierent 
parts, and be thus eleuther()i)hyllous or gamophyllous. 
Rarely the parts of two <')('les unite into a common 
tube, as in Hyacinthus, the six-lobes representing three 
calyx and three corolla lea\es. 

'Fhe outline of the sepal i.^ generally simple, with 
a broad base of insertion, while the petal i:in he 
separated into two ])arls, the limb, broad and often 
with an irregular outline, and the narrow basal ]K'rtion, 
the claw. Ligules of the petal leaves exist, as in 
Lychnis, and form the corona, which apjiears in its 
most highly de\eloj)ed state in the united ligules 
of the corona ol Narcissus. Extra coveiings are 
.sometimes met with outside the perianth. The extra 
covering or cal)('ulus may consist of the stijiules of 
the calyx leaves, or of erne or twc> leaves with stipules. 
The green bracts of Anemone hejiatica might readily 
be mistaken for a calyx, and the pctaloid calyx for 
a corolla. Bracts sometimes oc cur singly or in verti” ; 
cils, and may be mistaken for parts of the flow'er. In 
Aroids the large sheathing leaf surrounding the axis 
of inflorescence is distinguished as the .sjiathe, while 
the leaves around the inflorescence in Composita: and 
Umbelliferas form the involucre. 

The andrcec'ium is the collective male reproduc - 
tive organs of the flow^er, the individual parts being 
stamens. ^Fhe stamen consists of an anther, in which 
the pollen grains are developed, and a longer or 
shorter stalk, the filament. The anther is a double 
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structure with two lobes, each lobe or half-anther con- 
taining i>ollcn sacs. The two lobes are separated by 
the upper ])art of the filament, called the connec- 
tive. Occasionally the connective is so narrow that the 
two lobes are in c ontac t. Sometimes the filament and 
connective are c ontinuous, in other cases, as in ver- 
satile antliers, the filament is only slightly attached. 
'I'he connective may be very broad, and thus sejiarate 
the lobes more or less widely. 'I'lie separation is carried 
to an extreme in the distractile connecti\e of Salvia, 
wliere one of the halves of the anther becomes abor- 
tive. W'heii tile connective is continued above the 
anther, aiipendages are formed v\hich vary in length 
from a mere i)oint to a long prolonga- 
tion. The filament is generally rounded 
or cylindneal, but it may be liroad and 
Hat, or wanting altogether, as in sessile 
anthers. The filaments ociasionally 
have appendages of different kinds, or 
the anthers may be ])rovided v\ith spur- 
like developments. 

^ The filament of the stamen may 
branch. The branching may be like 
that of an ordinary leaf, either in one 
plane like a pinnate leaf (fig. c^c), or 
in different [ilaiies as in Ricinus (fig. 

93 )> the ultimate branches bearing tlie 
anthers. Sometimes the stamens are 
apjiarcntly coherent, developing as a 
ring-like cushion or cyclome. d'hc mo- 
nadelphous and diadclphous stamens 
of Papilionaceaj arc thus produced, (After Sachs.) 
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tioii uf tlmvcr of 
C al ot ha mnu 
the stainciis, st^ 
branched like a 
pinnate leaf 



The anthers and generally the upper ends of 
the filaments are free, hfoie eonijiiicated is the case of 
the Malvace® (fig. 94), witlj cohesion and branching. 
In the Composita; the filaincuts are free, and the an- 
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P irt of inu.li. flf wti of A uinu\ (.ommn in 
/,/, basal portion of tlic branched stamens tin. tntlicrs. (After Sachs.) 


thers slightly connected together laterally, but not ori- 
ginally cohcicnt — the syngcncsious condition Some- 
timeb the stamens aic united to other parts of the 
flower. The filaments or anthers n))i)ear to be inserted 
not on the axis but on the perianth— cjnpetalous 
stamens. This condition is most fiequcnt when the 
perianth leaves are themselves united into a lube, 
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and by growth at the base, the perianth and stamens 
rise on a common ring-like structure. A less common 
condition is the union of the staminal leaves with the 
carpels, and the formation of the Gynostemium as in 
Orchids (fig. 95), and Aristolochia. 

In some flowers the filaments are of different 
lengths. Thus in Crucifera: there arc six stamens, four 
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st.iniciis into a tulu , - r , llic -.1 uncii sul)•^t^^lKnllv I i.uichmg , //, i.ivity 
of the tul)C h, »>f mituu .imhotunn lulic , 4 branches of 

filament , a, anther', (liotli nia^nilicd) ( \flcr SacJis ) 

long and two sliort, tetrad} namoiis j and in the I^bi- 
atx four stamens, two long and two short, didyna- 
mous. 

Staininodes are stamens \\ithoitt anthers, generally 
leaf-like in form. Tlicy oci m in the floweis of Ganna. 
Double flowers aic generally formed by the staminal 
leaves assuming the fonn of the corolla-leaves, while 



1 40 Classification of Plants, 

ordinary green leaves are produced instead of the 
carpels, as in the double flowering cherry. 

IVo pollen sacs are 
usually developed in 
eacli anther lobe, some- 
times only one, very 
rarely four. Jly the 
opening of the anther- 
lobes the ])ollen is scat- 
tered. I'he dehiscence 
occurs in different ways, 
as by longitudinal opeii' 
ing-> in the inner or outer 
.side, or by ])ores, or trans- 
\ersely. 'i'hewall of the 
anther (insists of two 
coats, the endothecium 
and exotliecium. 

When the pollen 
grain ('omes into contact 
with the stigma (pollina- 
tion), or is placed in a 
.solution of sugar, the 
intine forms one or more pollen lubes. The i)laces 
at which the intine will protrude are frequently indi- 
cated by markings or cap-like coverings of the extine. 
The pollen grains of Asclepiadacece and of most 
orchids do not separate from each other in the pollen 
sacs, but form the pollen masses. 

The gyncecium is always developed at the end of 
the floral axis. The individual leaves, carpels, car- 
])ids, form the completely closed ovary containing the 
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1 * lower w iih ttu }M.namh removed 
side view />. back view . < . front 
vitw , /, remains of pcri.iiuli . /*, 

inferior ovary , ^yno^icnmim 

formed l)y union of the st.imcn> with 
the carpels , <7, <7, iw o ftTtde st.xinens , 
5, htamuiodc ; //, bligrna. (After 
^chb ) 
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seeds. If all the carpels of a flower take part in the 
formation of a single ovary, with one or more cavities 
containing the seeds, the gynoccium is synrarpous ; if 
each individual carpel forms an enclosed ovary so that 
the flower may have as many ovaries as carpels, the 
gyncecium is apocar])OUs. The uj)pcr i)artof the carpel 
is narrowed to form the style whic h lias at its apex a 
special structure for receiving the pollen — the stigma 
(fig. 96). 

If the axis be greatly elongated, 
with the gyncecium at its apex, and thus 
placed above the free and separate 
insertions of the andrceciiim and 
perianth, the ovary is then sii])erior, and 
the other parts of the flower hypogy- 
nous (fig. 97, //). In other flowers 
the perianth and andrceciiim are 
carried up by the axis, which forms a 
ring-like wall around the deeply-seated 
gyncecium at the apex of the axis. 

If the carpels remain at the base of 
^ the cavity, and are surrounded by the 
ring-like axis or calyx-tube as it is 
often improperly called, then the 
flower is perigynous, and the ovary y; ovary . 7 ‘>tyie ; 
superior (fig. 97,/). Lastly, the carpels ’((vfici'PranU)'”"'^ 
may spring from the iij)])er jiart of the 
cavity, and merely close it in. The ovary is then in- 
ferior, the flower epigynous (fig, 97, E). Between these 
different forms there are many intermediates, as in 
Rosacex and Saxifragaceoe. 

The ovary is monocarpellary when it is fonned by 
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a single carpel, with its margins united (fig. 98, A). The 
’[)OsUion of the tnidrib marks the dorsal suture of the 
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Diagrammatic section’s of liypoj^^mous (ID, peru’^ynous [P), and 
(/ X rto'Ntrs 

< 7 , a\is, formn^ ioiim \ or cone i\i re rc|*t tele, 01 \v dl of o\ary k, talvN 
coioltii s, stain' ns /, (ai[»tls ft sti„,mt sk o\uks ( \fu r IV.intl ) 


carpel ; the other, foimed ])y the united margins of the 
folded leaf, is the \entral suture. I'he cavity of one 
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the placenta, to winch the seeds ai« attar In d 1, nionocarpcllary unilo- 
cular. //, polyc irjicllary uniloiulir, jiolyc irpi li iry falsely multi- 
locuiar , /X i>')Iy* arpellaiy miiltiliKulai . r, dorsil ‘^utuie, c>r nmlnb , b, 
ventral suture, or margins of carpel (Afiei I'ramI ) 

caiyicl is not divided by a true septum, but is unilocu- 
lar. Only very rarely, spurious partitions are found in 
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the interior. These are transverse in Cassia fistula 
and longitudinal in Astragalus. If several carj)el.s 
take part in the formation of the ovary, the ovary is 
polyrarpellary, or bi- or Iri- carpellary, according as 
there are two three or more carpels united. It may be 
unilocular (fig. 98, D) when the individual carpels are 
united by their margins so that they enclose a single 
cavity. If the margins of the carpels project inwards, 
the ovary may become falsely multilocular(fig. 98, C), as 
in the poppy ; or nniltilociilar when the projecting mar- 
gins unite in the middle, and the cavities of the indivi- 
dual carpels are completely separated by the true septa 
formed by the united walls of the contiguous carpels. 
In some cases the margins of the carpels do not grow 
completely in at the up])er part of the ovary, as in 
Saxifraga, where the lower jiart is two-celled or bilocu- 
lar, the upper part only onc-celled. In all these cases 
the floral axis may rise u}) in the centre of the ovary, 
and if the ovary is miiltilocular, may unite with the 
septa. In miiltilocular ovaries spurious partitions may 
be formed by growth of the inner surface of the carpel, a 
^ spurious partition being any partition not formed by 
the margins of united carpels. The ovary of the Bo- 
raginece and J^abiata^ is thus originally two-celled ; each 
is, however, divided into two parts by a false partition, 
and when ripe the fruit bleaks into four parts. 

The inferior ovary of ct)igynoiis flowers is usually 
polycarpcllary, and may be either unilocular or multi- 
locular, the margins of the carpels apparently running 
down the inner wall of the cavity formed by the 
hollow axis. 

The style is developed between the ovary and the 
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stigma. Monocarpcllary ovaries have only one style ; 
\)olycarpellary, as many styles as there arc carpels. 
These maybe wholly united, free above, or entirely free. 
Rarely the style is branched. Tlie style is always placed 
at the apex of the cari)el ; but occasionally by excessive 
growth of the dorsal side of the carj)el, it becomes 
apparently lateral and sunk in the o\aiy, as in the 
gynobasic style of lloraginca?, l.abiataj, and Alche- 
milla. Sometimes the style is exceedingly short or 
wanting, as in llie popj>y. The tissue of the style is 
soft and iiarenc hymatous, known as the conducting 
tissue through which the pollen-tubes can easily^pass. 
In a few cases, as in Viola, the style is tubular, and 
the conducting tissue absent. 

The stigma is the modified apev of the ('arpcl, 
covered with ])at)illaj or collecting hairs, or sec reting 
a sticky fluid. The stigma is variously ('onstructed to 
retain the pollen-grains and facilitate the i»roduclion 
of the pollen-tubes. Fre([uently the stigma is a lobed 
expansion slightly separated from the st}le; at other 
times it forms a special surface either at the ai)ex or 
at the side of the ovary (Pleurogyne). , 

The ovules are contained singly or in numbers in the 
cavity of the ovary. They are generally appendages of 
the car])cls; in many cases, however, they are special 
structures springing from the floral axis (Pipera(x\x, 
Rheum, IMmula). The ]*art from which the ovule 
s])ring.s is called the jdaceiita. The ovules formed on 
the carpels arc generally marginal ; the placenta occu- 
pies the longitudinal margins or ventral suture of the 
individual carpel. When the ovules are at the margin 
of united carpels and the ovary unilocular, the pia- 
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united as in a multilocular ovary, the ovules, although 
still marginal, are said to be on an axilc placenta. 
Karely, the ovules spring from the whole inner surface 
of the carpel, the midrib or dorsal suture alone re- 
maining free (Butomus). When llie ovules are deve- 
loped direc tly from the axis, they sometimes arise 
singly from the base of the cavity of the ovary, some- 
times from near tlie apex of the axis, or on a special 
bearer, the free-central placenta rising up in the centre 
of the ovary as in Primulaceae (fig. 99). 

Nectaries are glandular organs secreting an odorous 
or swqpt fluid whic h attracts insects, and thus contri- 
butes to the fertilisation of hermaphrodite flowers, as 
such flowers are not usually self-fertilising. Almost 
any part of the flower may be changed wholly or par- 
tially into a nectary, the modifications being exceed- 
ingly numerous. The sjiurrcd sepals of d'ropxolum, 
the modified petals in Aciuilegia and Helleborus, or 
the .spurred petal in Viola containing the prolonga- 
tion of the stamen, arc all connected with the secre- 
tion of nectar. In Clcsneracea^ one stamen becomes 
^ nectary, while in Rheum the nectary is developed 
at the base of the stamens. A disc is a ring-like 
cushion secreting nectar. It is found on the upper 
])art of the carjicls in Uinbellifera^, or on the floral axis 
under the gyncecium in Citrus. 

Fertilisation , — When the pollen is applied (Polli- 
nation) to the stigma, it sends out a pollen- tube, 
which i)enetrales down through the conducting tissue 
of the stigma into the ovary, and enters the micropyle 
of the ovule to reach the nucleus. The time the 
j-iollcn-tube lakes to penetrate the style depends on 
II. L 
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the length of thit stnicturc, and also on some pecu- 
liarity m the plmt itself, ])ecaiisc in different plants 
the time required \aries with the same length of style. 

Tic 99 



A fit ill If 

A, longtludmal scrti n(f> unj, fl ucrlud / s [ ils c let'll a «;l'imens; 
A^cir^tls S, 1} t-x tf j 1 r il ixi J t,)n iun» furth r ilv lined r, 
f irpti n sliijni i \ults n tnl f tl ril ixi i j^ynaemm 

ready for fcridi iti n / ] Men ^rui» c 11 iK i t k^f stylt S, 

free central j 1 1 ti 1 1 SA vidts J> m rij e frmi (hi (luinti S h u 
swollen and fills up tin, sj ices between the stids SA ( \fter Siehs ) 

I'hiis in the Croc is the development of the tube is 
rapid, from one to three days only being required 


Fertilisation, 


H7 


with a style of from five to ten centimeters. In the 
Orchids the growth is exceedingly slow; weeks or 
months being required for the tube to grow only a 
few millimeters, the growth of the ovules themselves 
in the ovaiy taking place between pollination and 
fertilisation. 

Fig loo 



/ tola it nolot (m'ujmficd) 


/f, lonf'ituchn'il section of nnUroj»< us o\ulc after fertilisation , //, placenta , 
«wellu>ij: on the nphe a outer / inner intc^unient /V, pollen-tube 
enuring niui p>le t embryo sie, with the fertilised germin'il \esicle at 
tlu niK lopyle end, ind numer >us endospi rm cells at the other B, ajiex of 
enil)r> isu <, with >oiing emhr>o, « of three ctlls 'ind one eell form- 
ing the siispensor or pioembi>o t, same, further advanced (After 
Sachs ) 

The embryo-sac is ])laced with its apex close to 
the apex of the nut lens (fig. loo). Certain cells form 
by free-cell formation in the sac of the embryo. Those 
near the aj^ex arc the gciminal vesicles, of w^hich two 
or moic are generally de\ eloped, and one of these is 
fertilised when the pollen-tube comes into contact 
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with the nucleus, through the micropyle. Some- 
times the apex of the germinal vesicle elongates to 
form the filiform apparatus of Schacht. After the 
contact, and as a result of the i)rocess, a wall forms 
round the naked mass of protoplasm forming the 
germinal vesicle. The cell now grows and divides, 
forming a cellular filament, generally short, called the 
suspensor or pro-embryo, and the embryo, d'he em- 
bryo is at first rounded, but soon becomes elongated, 
and developes one or two cotyledons. 'I'he rootlet is 
also marked, the root-cap being in contact with the 
suspensor. In the }oung embryo three sets of tissues 
can be distinguished, c alled by llanstein the demia- 
togen or primary epidermis, the j)eriblem, and the 
plerome or central zone (fig. 101). After fertilisation 
has taken place, other cells arise at the base of the 
embryo-sac — these are the endosj>erm cells. Gene- 
rally the endosperm cells arise by free-cell formation 
(fig. 102), the cells coalescing to form a tissue; but 
occasionally the cndosj>enn arises by division of 
the embryo-sac itself. Rarely a few cells form 
before fertilisation at the base of the embryo-sac. ^ 
These are known as the antii)odal vesicles, and re])re- 
sent the endosperm in the j)ine, fanning before ferti- 
ILsation, and therefore eciuivalent to the prothallium 
of the higher Pteridophyta. When the endosperm 
cells have united and formed a false tissue, nutrient 
matter is stored up in these cells for the nourish- 
ment of the young embryo-idant during germination. 
Endosperm cells are formed in nearly all plants, 
but partial or comtdete absorption may take i)lace 
during the growth of the embryo, the seed becom- 
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I lO lOI 



Development of the embryo of Caf^iUa Pur*:a fas/ons (liighly magnified) 

f, 7 pro embryo or susiitnsor of five eells the end cell forming the chief 
p irt ( f tht enibrjo dnidcd int( the longitudind will i i then 

into four by the transNcr c w ill 2 Hi suspensor //’, the h>po- 

ph\sis till I IS d I lit if the einliv > f imed by the division of the cntl 
Cl 11 of till sus] < MS 1 I he deiimtigeii sluwiibvthc shaded peripheral 
Cl 11s III end r> ) fuilhet ulv iiued the two inner sh ided cells, the 
pliiomi sepii ited from the uiish ided lells the peiil lein llie hvpopby 
sis divided into two etlN //, h II ^ still older condition I , older 
enibrvo t c eotvledins s ii>e\ of stem deimitOLeii neriblem and 
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Puslcuor pail of en»i sosu t, wall 


Stored up in the enlarged tissue of the nucleus itself, 
instead of in the embryo-sac, then the nutrient mass 
is called i)erisperm, as in Piper and Canna. In some 
seeds both endosperm and perisperm occur. Lastly, 
in ex-albuminous seeds, those without cither endo- 
sperm or })eiibi)eriii, 
the nutrient matter is 
all stored uj) in the 
lissiiLS of the embryo, 
as in the Luge coty- 
ledons of the bean or 
hoise-( hestiuit. 

, , After fertilisation 

i.iMty <•( lilt ttll A A, imlo- 

ttiis f .initii I*) im I tell I .im mull tlic germiiKil \esicle 

in lilt piulupla')ni, y / ( \Utr Satli ) , P , 

de\ eloi)es into the sus- 
pensor and embi)o, the endospeim lorms, the ovule 
IS changed into tiie seed, the liuit is formed, and 
changes take jdace m all the i)aits ot the (lower, the 
perianth and stamens geneially \Mthering and dis- 
appearing. The fruit contains the seed, and is the 
entire gyncecium arrived at maturity after fertilisation. 
When other parts than that containing the seed un- 
dergo changes after lertihsatiem, a false fruit is often 
formed, as in the ai)ple, strawberry, mulberry, and fig. 
In the apple, the nng-like develoj)ment of the axis of 
the perigynous flower enlarges and becomes succu- 
lent, and adheres to the gyncecium. Above, it bears 
the remains of the calyx, and in the interior are the 
seeds, each surrounded by its thin indehiscent peri- 
carp. In the strawberry numerous dry single-seeded 
fruits, each developed from a single carpel, are seen 
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Inflorescence. 

receptacle. In the mulberry, the diy single-seeded 
fruits are surrounded by the succulent perianth. In the 
fig the hollow inflorescence is succulent, and encloses 
the minute dry single-seeded fruits, popularly known 
as the seeds of the fig. Fruits are either dry or suc- 
culent, according to the condition of the wall of the 
fruit or pericarp. In general the pericarp can be 
separated into tliree layers— the outer or epicarp, the 
middle or mesocarp, and the inner or cndocarp. 
AMien all tliese are thin and ilry up, then a dry fruit is 
produced. In others the mesocarp bei omes thick 
and 4lesliy, or the mesocaip and endocarp both be- 
come pulpy. I’he pericarj) either opens to allow the 
seeds to escaiie (dehiscent iruits), or it does not (in- 
dehiscent fruits). In some cases the carpels split into 
one-seeded indehiscent portions, or the jiolycarpel- 
lary ovary breaks up into indehiscent pieces, the split- 
ting fruits or schizocarjis ; the poitions in the latter 
case being described as inericarjis. In some cases, 
in polycarpellary ovaries, one ('a\ ity with even a single 
seed may develope in ccnccss so that all the others be- 
' com^; abortive, as in the V'alerian, Oak, and Coco-nut 
Inflorescence . — A flower is an axis bearing repro- 
ductive organs. The flowers arc generally arranged 
at the ends of special branches, parts of a system of 
branches to which the name of inflorescence is given. 
The flowers are rarely developed at the end of the 
primary axis of the embryo-plant; generally many 
lateral branches are produced bearing the flowers. 
As the branching of Metasperms is monopodial and 
axillary, the inflorescences are thus formed, tlie 
branches being usually different from the ordinary 
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vegetative shoots, and bearing bracts instead of 
foliage leaves. Sometimes, however, the bracts are 
wanting, or by adhesions and displacements the 
branches are api)arenlly extra-axillary, as in the Sola- 
naceae. Some authors tinnk that the inflorescences 
of BoragineLti and SoLinacea: are s)mi)odial arrange- 
ments of dichotomies. Jf this view be correct they 
are the only examples of dichotomous branching in 
^retasperms. 

There are t\\o < hief t\])es of infloiest enc e— the 
botryoid and the ( \mose. In the botrvoid there is 
a main axis, generally iiKklmite in its growth, but 
sometimes with a U iminal flower, the main axis deve- 
loping an indefinite numbet of side axes in airoj)etal 
order. In the c\mose l\pe the main axis jaoduces a 
terminal llow'er, and gues rise to one or two, rarely 
more, side axes the siine \alue ; these terminate in 
flowers, and grow' moie rapidly than the main axis 
[iroduciiig them. 

A. nOl'RVOII) INn.ORL.sC I'AX'KS. 

1. Paccmc. — Stalked flowers on an ekingated main 
axis, sometimes with a terminal flower; Hyacinth. 
Berberis. 

2. Umbel. — Stalked flowxrs on a contracted main 
axis ; Primula veris, Allium ursinum. 

3. Spike , — Sessile flow'ers on an elongated main 
axis. Plantago. When the axis is fleshy, the inflor- 
escence IS called a spadix ; if the spike is deciduous, 
a catkin. 

4. Capiiiiliim. — Se.ssile flowxrs on a ( ontracted 

imln Heads of flowers of Compositse. 
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13. CYMOSE INFLORESCENCES. 

1. Dichasium , — Two lateral axes from the main 
axis. This is the bii)arous cyme of Bravais; the di- 
chotomous cyme of English authors ; Cerastium. Con- 
tracted form, verticillaster, Laminin. 

2. Monoihasium . — One lateral axis from tlic main 
axis. There are two varieties : — a. Bostryx; lateral 
axis always from the same side, either right or left of 
the main axis; the helicoid uni])arous c'}me of Bravais, 
llemerocallis. — b. ('icinmis; lateral axes develoi>ed 
alternately riglit and left from the main axis — the sror- 
pioid# uiiiparoLis cyme of Bravais; llelianthemum, 
Drosera. 


C. Mi\l I) OK (OMI'OCNl) l\l LOKl<SCKNCES. 

I. Diboiiyoid. — Branches of first and succeeding 
orders bolr}oid. 'J’he chief f >rms are the compound 
umbel, or umbel of umbels, in the liml)ellirerie ; the 
com[)ound raceme 01 panicle in the ^ine; the com- 
l»ound spike, as m the r}e; the raceme of capitula in 
I’etasites. 

2^ Cymo-botryoiiL — Branches of the first order bo- 
tryoid, the succeeding ones cymose; thyrsus of De 
Candolle. 'Bhe raceme of cicinnal monochasia in the 
horse-chestnut, and the capitulum of monochasia in 
Armeria. 

3. Boltyo-cymose . — Branches of the first order 
c'ymose, the sue ceeding ones botryoid, as the bostryx 
of cajiitula in Cic horiiim. 

4. Diiymo^c . — Branches of first and succeeding 
orders cymose, as in Ceraniuni; where the bostryx 
and c'icinnus occur together. 
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Symmetry of Fhnoers , — Some flowers arc asym- 
metrical — that is, they cannot be divided by any ver- 
tical plane into symmetrical or equal portions — one 
the exact repetition of the other. Many flowers are 
monosymmetrical or zygomor})hic t — that is, they can 
be divided by one vertical plane into two symmetrical 
halves. The plane may be eitiier median or lateral. 
If the j)lane cuts the axis and the l)ra( t, and thus 
runs antero-i)obteiioily, the plane is median, and the 

floNvei is cut into two 
hah es light and left. In 
oilier cases the pfane is 
late lal, I Linning from right 
to left, and c lilting the 
fio>\er into two halves — 
theantei lor next the brae t, 
the posterior next the 
axis. Sue h /)goinorphic 
flowers are often called 
inegiilar (fig. 103) When 
the flow^ercan be divided 



}} >tul I U f 4 n 

Z\;.;<tri!<)rplm llowcr iii »ii<» .il, 

divisiMe by uitdi m jd iiit inlo 
two KucmI sjnimtliical 
(After S.iths ) 


s} mmetrically by several 
planes, then the flower 
is polysymmetrical or 
actinomorjihic Occa- 


sionally polysymmetrical flowers become zygomorphic; 
and it frequently hajipens during growth, or in closely 
crowded inflorescences, as in Umbelliferae and Cruci- 
feraj, that some of the flowers are polysymmetrical, 
others zygomorphic. Normally zygomorphic flowers 
may become polysymmetrical, as in the formation of 
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flowers occasionally terminating the raceme of Digi- 
talis. 

Relative Positions and A^u/nbers of the Parts of the 
Flower , — Flowers may have the parts arranged in 
spirals, more or less complete, or in whorls. If the 
parts are in whorls, the flowers are called cyclic. 
IVhen the j)arts are more less sj)irally arranged, the 
cycles of the b])iral coriesj)onding to change, in the 
nature of the pait, or the formaticjn of a new spiral, 
then the flower Iieniit y( lj( , all the cycles being as 
sharjdy defined as in a c}(lic‘ Hower, although the 
parts Tire spirally aiianged. Lasll\, such flowers as 
Nyinjiliaia and Cactus are acyelu , being wholly spiral 
witlioiit any marked boundar\, sliowing where one 
c}cle ends and another begins , 111 fad, these flowers 
have usually very numerous jiarts, and show every 
tninsilion from one to another, liom sepal to ]>etal, or 
sepal to carpel. In acyclic and hemicyclic' flowers 
the parts are generally numerous and \ariable, a con- 
dition well seen in the Ranuneulac ece. 

In cyclic flowers the ]>arls are arranged in whorls, 
tach -cycle sharply seiiaraled from the others. The 
number of cycles varies ; generally there are four or five; 
such flowers are called tetra- and ])entacyclic. The 
cycles may be denoted by symbols, thus: Ca= Calyx, 
Co=CorolIa, An= Andrcecium, Gn = Cynaicium. The 
chief modifications might be thus expressed : — 

Tetracyclic — Ca,„ Co„, An,j, Gn^; 

Pentacyclic — Ca,„ Co^, An^^ + n, Gn^. 

The number of jxarts in each c ycle is indicated by 
using the terms di-, Iri-, tetra-, penta- mcrous, when there 
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are two, three, four, five, parts in each cycle. Thus n 
may stand for any of these numbers, and a tetracyclic 
j)entamerous flower would be thus expressed : Ca^,, 
CO5, All;,, Gll;,. 

The cycles are generally alternating ; but some- 
times there is a break in the arrangement, and the 
parts become sui>erpohcd. 

When the number of parts in each cyc le is the 
same, and the i)art^ regularly alternating, tlie flowers 
are said to 1)e eiu \< li('. ''riuis in the inonoi ot\ledons 
the flowers are typically eiic}lic and pentac'yclic tri- 
merous ; the formula for the flowers, say of thu tulip, 
being — 

('a.j, C'03, An., ^ (In,. 

The numlier of j)arts in eacli whorl is liable to 
much \aiiation, and also the number of whorls. Hete- 
1 ornery may dejiend on \anous cause.s, such as abor- 
tion, ( ohe.sion, or dedui>lication. In heteromerous 
flowers the jiarls are either more numerous (])leiomery) 
or less numerous (oligomery) than normal. Oligomery 
of carpels is common in tetra- and pentac)clic flowers, 
the number being usually less than four or fivc.» (IH- 
gomery may also depend on the parts being aborthe, 
ablastic, or ( oherent. Plciomery may be occasioned 
by dcduiilication or collateral chorisis ; tw'o stamens, 
formed by splitting or bifurcation of a single stamen, 
standing in jdace of one. Tw’o sets of stamens 
may also arise by having a .series of stamens interposed. 

As examjdes of the nmre imjK>rtant variations, w’e 
may take the fed lowing. Taking IJliaceie (fig. 104) 
as a normal type, the formula may be thus expressed — 

Ca3, C03, An3 ^ 3 C-^n(,). 
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The flower is pcntacyclic trimerous. The brackets 
signify that the carpels are united, and the stroke 

Fio 104 



Diacnnm of the flower of Liliaci^r ( \fter Saclis y 

below iiidicates that the ovary is superior. This for- 
inula can be ex|)resscd more fully thus — 

Gn — — — 

An _ 

An - - — 

Co — — — 

Ca — — — 

The alternating whorls are sliown, and U indicates 
the ])osition of the brat t. The c alyx consists of a 
mediap anterior sepal and two lateral ])osterior. 

Fk;. 105 



Dincfram of flf wci t)f (After Sachs.) 

In Iris (fig. 105), one of the whorls of stamens is 
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wanting, represented by o ; the carpels are united, the 
ovary inferior. Formula. Cag, C03, Auj ^ o» 
or 

Gn — — - 

An 0 o o 

An — - 

Co — 

Ca — — _ 

— r> — 

Triglochin (fig. 106) is he\a('yrlic trimerous. The 
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carpels separate; ovary superior. Formula. Cas, 
C03, An 3 ^ 3, On 3 ^ 3, or 

Gn — — — 

(jU — - — 

An - — _ 

An — — - 

Co — _ _ 

Ca — 

- IJ — 

Butomus (fig. 107) IS hexacydic trimerous, but 
with deduplication of the outer series of stamens, indi- 
cated by An 3^ + 3. The cari)els separate; ovary supe- 
rior. Formula. Cag, C03, Aua^ ^ 3, Gn.^ ^ 3, or, 
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(In — — 

Gn — — — 

An — — 

An 2 2'? 

Co — — 

Ca — — 

— V, — 


Dictamnus (fig. io8) is 


I'Ui 107 



Diagram of fl' er of Jluiotnus. 
(After Sachs ) 


tetracyclic pentamerous, 

Fig. C08 



Diacjram of the flower of Die- 
iiiinun^ Fra.xinclLty the inter- 
posed stninons of later origin 
(lightly shacU-ti) ( After Sachs ) 


with interposed stamens. In the formula that can be 
indicated thus : Cas, C05, Anr, . Gn(.^, or 

— A — 

Gn — — — — — 

An — i — i — i — i — i 
Co — _ _ — _ 


Here the small i indicates the position of the in- 
terposed stamens. A represents the position of the 
axis, and indicates that the median sepal is posterior, 
or next the axis. Flowers with two series of stamens 
/irc diplostemonoiis. The two series may not appear 
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simultaneously, and cither the stamens superposed to 
the calyx may devclope first, oi those superposed to 
the corolla. When the normal 
stamens develope first, the 
flower is diplostemonous. 
When the interposed stamens 
— that is, those superposed 
to the corolla — first apt^ear, 
the flower is obdiplostemon- 
ous, as in Epacridaccai and 
l‘>icacea 3 . 

Sometimes the interposed 
stamens are fewer than the 
normal stamens. This is seen 
in the horse-chestnut, 
culus, (fig. 109); the flower 
being tetracyclic pentamcrous, 
with an iiK'omplete series of 
interposed stamens, giving tlie formula, Ca.r,, C05, 
Au;, . .j, Three of the interposed stamens arc 

ablastic, and represented by a small o, thus — 



iM.itjt.un cif fl<»\Ncr of \bt\, 
II 01 sc-chotmit 

'J’he interposed stamens n pr<‘- 
scntcil between the dark 
sliadcd norma! c'nes 'I he 
jnterpnscfl wJjorl betny; iinpii 
feO, the tw'ii-'iiiailed oius r«‘- 
prcscMii the two fully 

ones, the tlnce dots the alu.r- 
lue (Jtu s (After Sa' h'' ) 


Gn — — — 

An — o — i — o — o — i 

Lastly, in such a flower as that of Hy])cri('um caly- 
cinum (fig, 110) there are bram hed stamens (br) su- 
perposed to the corolla, indicated by | . The flowvr 
is tetracyclic pentamcrou.s, with the formula, Car,, 
COs, 1 , An.-,*"', (]n or 
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— A — 

An hr hr br hr hr 

Classification of Fruits. — I'he classification of 
fruits is quite artificial, and founded on characters 
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Dia^^iam <>l tlic Howu of llypcruum lalycinunt ( XfKr Sachs ) 

derived from the nature and mode of opening of the 
pericarp. 

Dry Fruh's. — The cell-sap disappears rapidly, 
leaving the pericarp dry, and of var}ing degrees of 
hardness and tliickness. 

f. Dry indehiscent one-seeded fruits. 

The Nut , — The ])ericarp thick and liard. Acorn. 
The Acheue , — The ])ericarp thin — Ranunculus. 
There are several varieties of tlie achene. Two are 
frequently se]3arated, as the caryopsis in grasses, the thin 
I)ericarp being adlierent to the si)ermoderm, and the 
cypsela in Compositaj, formed by an inferior ovary. 

2 . Dry indehiscent, two or more-seeded fruits, 
splitting into single-seeded indehiscent portions — 
II. M 
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Schizocarps. The splitting may be transvcrbo, longi- 
tudinal, or in both directions. 

The Lomentim, — Splitting transversely. When the 
splitting is longitudinal, the separate parts, or inericaq)s, 
resemble achencs. Sometimes the portions are sus- 
pended by a forked part of the axis, as in the cremo- 
carp with carpophore, of most Umbellifera;. In the 
carccrulus of the mallow no carpoj)hore exists. When 
the mericarl) is winged it becomes the uufuira^ as in 
Acer, to be distinguished from the samaroid arhenc, as 
in Ulmus. In Platystemon the fruit splits both ways 
—-the dischiima. > 

3, Dry dcliiscent fruits. Capsular fruits. These 
fruits may have one, two, or more carpels, and may 
open in dilferent ways. 

Follicle , — One carpel, opening by one suture, and 
generally by the ventral suture — Hellebore. 

Legume . — ( )ne carpel, opening by two sutures, the 
dorsal and ventral — Pea pod. 

Siliqua and Stlicula, — d'wo car[)els united, and 
forming an ovary with two cavities, the partition, or re- 
plum, being a false partition formed by the placentas, 
and remaining after the fruit has opened. When the 
fruit is long, it is the silicjua ; short, tlie silicula — Cruci- 
fers generally. 

Capsule , — Two or more united carpels forming a 
one or more locular ovary, and opening transversely, 
longitudinally, or by pores. When the dehiscence is 
transverse the fruit is the pyxidium, as in Hyoscyamus 
and Anagallis. Longitudinal dehiscence may be 
septicidal (Colchicum), loculicidal (tulip), or septi- 
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fragal (Rhododendron). In Papaver the capsule opens 
by pores undernealli the stigma. 

4. Succulent in dehiscent fruits. 

The Drupe . — The ])ericarp is separable into a 
thin eplcarp, a thick lleshy mcsocarp, and a hard 
endocarp or stone — Plum. 

The Berry , — The epicarp is usually thin and soft, 
the otlier tissues forming a soft pulj), in which rarely 
one, usually many, seeds are imbedded. The ovary is 
superior, uva, in the gra])e ; or inferior, bacca, in the 
currant and cucumber. In tlie date the berry (uva) is 
one ^L^eded. 

5 . Succulent dehiscent fruits. 

A succulent capsule occurs in ^sciilus and Im- 
patiens, a dehiscent dru[)e in the walnut, and a dehis- 
cent berry in the Eluterium, or sciuirting cucumber. 


CHAPTER VII. 

THE MONOCOrYLEDONS. 

Class XT.— MONOCOTYLEDONES. 

The seed generally contains a small embryo, and 
abundance of endosperm. In some cases, as in Alis- 
maceae and Orchidaceae, the endosperm is entirely 
wanting, while, in the Zingiberaceae, it is replaced by 
perisperm. The embryo has usually a short axis and 
a large cotyledon, the end of the axis often with a 
few young leaflets. In the Orchidaceoe the embryo is 
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exceedingly imperfect, consisting of a rounded mass of 
tissue, which undergoes further development during 
germination* 

During germination the lower part of the cotyledon 
elongates, pushing the rootlet and stem out of the seed 
(fig. Ill), the end of the cotyledon remaining in contact 
with the endosperm, and acting as an organ of absorj)- 
tion. In grasses the cotyledon is largely tleveloped 
and called the scutellum (tig. 112). In other < ases 
the rootlets first elongate, j)ushing through the root- 
sheath that envelopes them, eacli being tlnis sur- 
rounded at its base by tlie so-called coloorhi/a.* 'I'he 
cot}ledonin some forms, as Allium, developes at once 
into the first green f<diage-leaf of the plant. 

The grouth of the main root is generally of short 
duration, lateral roots devel()}>ing from the axis, soon 
replacing it. 'I'hesc developc alwa)s higher and 
higher up the stem ; heiu e no primary root system 
is formed. A few orchids, as C\)ralloihi/.a are rootless. 

The embryonic axis in some cases becomes the 
main axis of the plant, as m palms. The main axis 
may be either erect or creeping. The first fomied 
parts of the axis are very small, but each succeeding 
part becomes stronger and stronger, the stem being 
thus conical, with the apex downwards. After a 
certain maximum has been readied the .stem grows 
cylindrically. d'he stem is ])ermeated by separate 
fibro-vascular bundles. 'Fhere is no cambium, but in 
a few cases, as in Yucca and Dracxna, circumferential 
growth takei ])lace by the formation of a meristem 
zone in the ground tissue, develoj>ing both new ground 
tissue and new fibro-va.sciilar bundles. 'Fhc embryonic 
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(After Sachs ) 
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axis may grow in length, or it nny remain short and 
thick, forming the stem tuber of Polygon itiim, or the 
bulb (ouion) if the thickened bises of the leaves are 
present The main stem is either erect or hori/ontal 
(ihizome), and the internodes arc either elongated or 


1 IC II" 
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suppressed Sometimes the main axis dies after a 
lateral branch has been formed, as in the ero\^n- 
imptnal and Coh hic urn (hg 113) ind m our native 
orchids At other times the secondary axes remain 
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Fig 1*3 
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attached, and give rise to the sympodial arrangement 
seen in Polygonatiim multifloruin. 

The brandling is always monopodial and generally 
axillary. One bud is formed in each leaf axil. Occa- 
sionally the bud remains undeveloped, as in Dracaena, 
and at other times several buds are developed in the 
axil of the leaf, as in Muscari botryoides. The bracts 
are sometimes wanting (Arum). Adventitious buds 
are formed on the leaves of Malaxis and on the roots 
of Epipactis macroiihylla. 

The leaves are generally arranged in two rows 
and alternate, the ^ and ^ spiral arrangements 
being the most common. Occasionally more complex 
spirals are developed, as in Palms. In Fritillaria 
imperialis the fractions are inc onstant and the arrange- 
ment very complex. Whorled leaves are rare, but 
occur in Elodca. The leaf generally consists of a 
lamina and a well-developed sheath. A i)etiole is 
sometimes developed between the lamina and sheath, 
as in Palms and Aroids. Stipules are not developed. 
Frequently a ligule is produced where the sheath and 
lamina meet. The lamina is generally entire and^ 
sim})le in its outline, commonly linear, rarely round, 
cordate, or sagittate. Branching of the lamina occurs 
in Aroids as well as peculiar openings in the leaf. The 
leaves of palms assume the i)innate and palmate 
forms by splitting and tearing of an originally entire 
lamina, certain zones of tissue drying and tearing 
during growth. The tendrils of Smilax are formed by 
branching of the leaf-stalk. 

The venation of the leaf is ]>eculiar. In general 
the veins do not project on the under side, and run 
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more or less parallel from base to apex. In the 
banana and others there is a prominent midrib, the la- 
teral veins running from it to the margin in a parallel 
manner. Occasionally the veins are reticulated^ as in 
the Aroids. 

The flowers arc usually pentaryclic and trimerous. 
I'hey are hexacyclic in Butoinus, there being two 
whorls of caq^els. Sometimes the flowers are dime- 
rous (Smilacina), tetramerous (Paris), or pentamerous, 
(Orontiaccae). The formula is thus C a„ Co„ 

G iin ( + n), where n equals, 3 rarely 2, 4, or 5. Abor- 
tion of parts is very common. Single parts or whole 
whorls may be abortive, and in Aroids the flowers are 
often reduced to a single cari)el or single stamen. The 
small closely-crowded flowers generally have some 
parts abortive. Deduplication occurs in the stamens 
of AlismacCi'e. Petaloid staniinodes are common in 
Zingiberacex and C'anna. I'he perianth leaves arc 
generally in two series, an outer (calyx), and inner 
(corolla). Sometimes the calyx is green, the corolla 
coloured or white. Frequently both whorls are of the 
.same ai)pcarancc, either petaloid (Liliacem), or sepa- 
loid*(Juncaceac). In (iras.ses the perianth leaves con- 
sist of small scales (lodiculai), while Fig T14. 


in the Cypcraceaj, the perianth is re- 
l)laced by hairs or seta?. The sta- 
mens generally have a well-deve- 
loped filament and a four-celled 
anther. In Ganna (fig. 114), only 
half an anther is developed on one 
of the staniinodes. Branching of 
the stamens is very rare. In 1 ypha 



Diap^am of flower of 
Cnnna. (After Sachs.) 
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and Naias the stamens me siij^poscd to be caulonies, 
and not phyllomes, i.e. stem structures and not mo- 
dified leaves. 

The gynoecium usually consists of a three carpel- 
lary ovary. syncar])ous, and cither three-celled or rarely 
one-celled. Many of the large flowered forms have 
the ovary inferior, usually the ovary is superior. Some 
times the gynoecium is apocarpous, as in Alismacem 
and Juncaginem, the number of sei)arate carpels being 
more than three, in one or two whorls. Adhesions, and 
displacements arc not common. Kpipetalous and 
episepaloiis stamens occur ; while in some forms 
the leaves of the two whorls of the perianth beft ome 
adherent to form a single tubular structure, as in Con- 
vallaria and Hyacinthus. The most ( omplicated adhe- 
sion is that of the andruecium and gyncecium to form 
the gynostemiuin in Orchids. In Zingiberacem and 
Orcliidacc<a? the llowers are zygomor])hic. 

The ovules are generally ])roduced on the margins 
of the carpels, but in Butumus tliey cover the whole 
inner surface, except along the midrib. In Naias and 
7'ypha the end of the axis is supposed to form tlie 
single orthotropous ovule. In Lenina the oiules 
arise from the base of a unilocular ovary. Generally 
the ovules arc anatropous, rarely orthotropous (aroids, 
Naias, &c.), or campylotropous (grasses). Usually 
the ovule has two integuments ; in Crinuin there is only 
one. The embryo-sac generally remains surrounded 
by the tis.sue of the nucleus, but projects upwards in 
Crocus and Gladiolus, and destroys the tissue at the 
apex. In the Orchidaccje the embryo-sac, during 
growth, destroys the tissue of the nucleus. In some 
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cases (Allium odorans), the embryo-sac destroys the 
inner integument after fertilisation. After fertilisation, 
endospenii begins to form by frec-cell formation. In 
some cases no endosperm forms, while in others it is 
nidimentary. 

The Monocotyledons can be still further sub- 
divided. Various methods have been proposed. 
The following arrangement, modified from Prantl and 
Luerssen, gives a general idea of the orders and chief 
families of the Monocotyledons. 

Order XL. Helobiae. — Water or marsh plants. 
Seeds with little or no endosperm. TTypocotyledonary 
axis of embryo greatly develo])ed, larger tlian the 
cotyledon. Leaves often with petiole and lamina, the 
latter with somewhat netted veins. Flowers not ac- 
cording to type. Perianth either wanting, of one 
cycle, or with outer sepaloid and inner pctaloid whorls. 
The Helobias include the following families: — 

I. Lemnacecc; 2. Naiadaceoc; 3. Hydrocharida- 
cete ; 4. Juncaginece ; 5. Alismacerc. 

Order XLI. Spadiciflorae. — Land and marsh plants. 
Flowers small and numerous, generally crowded on a 
thick* simi)le or branched s])adix, surrounded by a 
spathe. Perianth always incons])icuous, never petaloid, 
often wanting. Flowers usually diclinous, the male 
and female flowers generally on the same spadix. 
Ovary always superior. Seed with much endosperm. 
Embryo generally small and straight. 

Fam, ; i. Aroidea3 ; 2. Pistiaceae; 3. Typhaceae ; 
4, Pandanacese ; 5. Cyclanthese ; 6. Palmoe. 

Order XLII. Olumacese. — Flowers small in spike- 
lets or panicles, generally enclosed in scale-like bracts 
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or glumes. Perianth absent or incomplete. Floral 
formula referable to type (Bamlmsa) but wanting the 
outer whorl of the perianth. Peric'arj) and Spermo- 
derm completely adherent. Seed with large farinaceous 
endosperm. 

Fam. : i. Graminea? ; 2. Cyperaceoe. 

Order XLIH. Enantioblastse. — Flowers with the 
tyi)ical monocolyledonous formula, rarely single i)arts 
abortive or flower dimerous. Ovailes ortlK'>tro])ous, the 
embryo at the caid of the endosperm farthest away 
from the hiluin. 

Fam. : i. Centrolepidnc ; 2. Restiaceaj ; 3. P>io- 
caulonacece ; 4. Xyridaceaj ; 5. C'ommelynaceoe. 

Order XLIV. Liliflor®. — Idowers generally large, 
placed singly or in different kinds of inflorescence, 
usually pentacyclic trimerons, larely dimerous, tetra- 
merous or ])entnmcrous. When ])arts abortive, usually 
the whole whorl wanting, not individual parts. Two 
whorls of perianth usually petaloid. Ovary superior or 
inferior, usually thrcc-celled. Phnbryo surrounded by 
the endosperm or at the side. 

Fan/. ; i. Juncaceoe ; 2. Liliace® ; 3. Amaryllida; 
ceae ; 4. Iridaceas ; 5. Taccacete ; 6. Dioscoread ; 7. 
Pontederiaceae ; 8. Bromeliacese. 

Order XLV. Scitamine®. — Flowers with tyi)ical 
formula, usually zygomorphic, ])arts of the androecium 
often abortive, or represented by staminodes. Perianth 
petaloid, or with inner cycle only petaloid. Ovary 
inferior, three-celled. Fruit a capsule or berry. Seeds 
with no endosperm, but with cojnous perisperm. 

Fan/. : i. Musace® ; 2. Zingiberace® ; 3. Canna- 
ce®. 
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Order XLVI. Oynandrse. — Flowers zygomorphic, 
referable to type. Stamens partially abortive, united 
to carpels. Ovary inferior, usually spirally twisted, 
inverting the parts of the flower \ capsule one-celled. 
Seeds very small, with no endosperm, the embryo 
minute with no indication of axis and cotyledon. 

Fam, : i. Orchidaceai ; 2. A])0stasiaceai \ 3. Bur- 
manniacca;. 

'Die Monocotyledons are re]')resented in a fossil 
state according toSchimper, by seventy- six genera and 
418 si)ecies. "i'he orders Enantioblastai and Oynan- 
droi Ijave not yet been found fossil. All the others 
are, however, represented. The Spadicillorse (Palms) 
a[)pear in the Carboniferous (Fasciciilites and Paheo- 
spathe). The laliflorai (Yuccites), in the Triassic ; 
the Helobia) in the ( lolitic ; Pandanus (Si)adiciflorai) ; 
Eolirion (Liliacea'), and Cannophy Hites (Cannacea), 
api)ear in the Chalk. I'he Tertiary contains many 
genera of Helobke, Sj)adi('itlorac, Cilumacea (Poacites, 
Carex), Liliflorai (J uncus, Iris), and Scitannneae. 


CHAPTER VIII. 

THK DICOTYLEDONS. 

Class XII.- DICOTYLEI )ONES. 

The mature seed frequently contains an embryo with- 
out any endos])erm, as in Leguminosae (with a large 
embryo), and in Cruciferai and Compositre (with a 
small embryo). 'I'he embryo is large and the endosperm 
scanty in Labiatae ; the embryo small and the endo- 
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sperm large in Umbelliferoe. In Nymphaeaceae and 
Piperacieae, the endosperm is minute, but the seed 
contains abundance of perisperm. 

The embr) o may be minute and exceedingly im- 
perfect in parasites and saprophytes. It is only two- 
celled in Monotropa. The embryo is large in Cucur- 
bita, with two cotyledons, and a rounded punctum 
vcgeiatiofiis between. In the bean, the plumule or 
bud at the apex of stem bears several leaves, (lenerally 
the two cotyledons arc of similar dimensions, but in 
Trapa one is miicli smaller than the other. Some- 
times the cotyledons are three in number (Oak), rarely 
only one is formed, as in Ranunculus Ficaria. The coty- 
ledons generally form the largest ])art of the embiyo, 
the axis appearing as a small si)indle-sha])ed structure 
between them, as in the bean. 'Fhe cotyledons may 
be thick or thin, Hat or folded, rarely they are spiral. 
The axis of the embryo, the so-called radicle, consists 
almost entirely of the hypocotylcdonary portion of 
the stem, the primary root developing at its apex 
(fig ”5)- 

During germination the hypoeotyledonary pdrtion 
of the axis elongates raj^idly, and pushes the root 
out of the seed (fig. ii6). The cotyledons remain 
enclosed by the spermoderm. Sometimes the petioles 
of the cotyledons elongate, and the plumule grows 
upright between them. Thick fleshy cotyledons 
usually remain in the seed until they are consumed, 
but thin cotyledons generally form the first foliage 
leaves, the hypoeotyledonary portion of the stem elon- 
gating, and pulling the cotyledons out of the seed 
(Cruciferae). If the seed contains endosperm, the co- 
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tht hypototyltdonary portion of tht stem (After b ichs ) 



IJN5 Chssificatim of Plants. 


tylcdons iuc not lif>erattd uiail it is all absorbed (fig. 



Growth generally takes 
place by the dcvelo])ment 
of the primary axis, which 
branches more or less fre- 
(piently. It often hai>pens 
that the side branches grow 
as strongly as the main 
stem. If the lower slighter 
lateral branches die, a crown 
of leaves and branches like 
that of our ordinary de- 
ciduous trees, with a straight 
trunk, will be produced, 
while in shrubs the strong 
ones remain and spring 
from near the base of the 
main stem. In many de- 
ciduous trees the stems and 
branches arc sympodia, the 
ujiper lateral bud annually 
assuming the direction of 


mother axis and con- 
'^movea\ tinuing it, while the apex 

ccascs to dovclope. The 
'PSn primary axis may die sliortly 

j/, petiole of one of the cotyle- p;ermination, and after 

don'' ; curvc«l opi< oiylcdoiiary 6 . 

portion of axis, /. short ^ ]^as bccn formccl in 
ax^ , A, wtin root ; the axil of the cotyledon, as 

fuiykdons" ‘*(After Sach' ) ill Ranunculus ]' icaria, and 
in Dahlia. Uulbs are rare in Dicotyledons, but occur 



Dicotyledons. ^77 

in some species of Oxalis. Tubers, stolons, and peren- 
nial underground stems or rhizomes are common. Most 
dicotyledons produce adventitious roots from the stem 
either when placed in darkness and kept moist, or 
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/, longitudinal ‘.ection of niH. seed II germinating seed, the cotyledons 
still within the spci model m, shown mort distinctly in A nnd B , s, sper- 
motlcnn i, cndospcim i cotyledon, he, hjpocot>ledonary^rtion of 
avis 7r, primary root lateral rootlets a the caruncle (or anlX a 

^)ecuh'l^ 'ippendage to the seeds of 1 7 ifihoHuaneP. (After Sachs ) 

normally, as in Ivy. Upon this depends the propa- 
gation of dicotyledons by cuttings. 

The fibro-vascular bundles of the stem are almost 
always open, and by the activity of the cells forming 

II. N 
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Ae^Wmn rtog,laige stems are developed by circum- 
growUL In individual causes, outside this 
of bundlcfs other isolated strings run through tiic 
stem, as in Begonia and Aralia, or still more com]>Jex 
modifications arc* met with in the arrangement of the 
bundles, as in the Piperacca:, Sapindaceai, Menisper- 
maceae, Phytolacca, &c. 

The branching is generally monopooial and ax- 
illary. In the inflorescences of Borngincte the 
branching is ])robably dichotomous. Usually one bud 
forms in each axil, but several buds form in Loni- 
ccra and Aristolochia Sipho. Extra axillary brandling 
occurs in the branch tendrils of the vine, and Ampe- 
lopsls. BivVcls arc frei^wenlly absent, as in the inflo- 
rescence of Cruciferai, from a\)orUon. Adventitious 
buds from leaves are rare, but occur in Br}'0]>hylJuin 
calycinum. Adventitious buds spring from roots in 
Linaria vulgaris, Populus tremula, and others. Dor- 
mant buds on old stems of trees are not to be con- 
founded with adventitious buds. 

The leaves are very variable in form, size, and po- 
sition. The leaf-arrangement begins with two opposite 
cotyledons, and may continue in decussating or alter- 
nating series, or pass into whorls or spirals. Simple ar- 
rangements are tlie most constant. Axillary branches 
generally begin with a pair of leaves, right and left. 
The kinds of loaves are very numerous, as scale leaves, 
bud-scales, bracts, floral leaves, and foliage leaves. 
The foliage leaves generally have a thin petiole and a 
flat blade. Tlie blade is generally branched ; cleft, 
partite, or compound. When simple, the tendency 
to branching is shown by serrations or lobes on the 
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margin. The branching of the lamina is monopodial, 
but it resembles a helicoid cyme in Rubus and Helle- 
borus. The sheath is rare, as the pericladium of 
Umbelliferse, but stipules are very frequent. Some of 
the special peculiarities of the leaves of Dicotyledons 
are peltate leaves (Tropaeolum, Victoria), leaf- tendrils, 
leaf- spines, and the remarkable ascidia or pitchers, in 
Nepenthes, Sarracenia, and others. The venation is dis- 
tinguished by the projection of the veins on the under 
side, and by their forming frequent anastomoses. Ge- 
nerally a midrib is present giving off numerous 
bran^'hes right and left. The venation is very simple 
in scale-leaves, bracts, and in the i)erianth leaves. 

'rhe flowers generally have the parts in whorls (cy- 
clic). Sometimes they are wholly (acyclic), or partially 
spiral (hemicyclic), as in Ranunculacea) and Nymphoe- 
aceae. Cyclic flowers arc usually pentamcrous, less fre- 
quently tetramcrous. Dimerous and trimerous flowers 
are rare. The pentamcrous and tetramerous flowers 
are generally tetracyclic. In dimerous and trimerous 
flowers the number of whorls is variable, but generally 
• they, are increased. Apetalous flowers are frequent 
When the calyx and corolla are both 
present, the i)arts are usually equally 
numerous. raj)aver is an exception, 
with tw’o sepals anti four petals. 
Occasionally the number of whorls 
is increased. Thus in the hexacyclic 
Cruciferre (fig. 118), there are two 
whorls of the calyx, two outer sepals, 
anterior, and posterior, two inner 
sepals, right and left. When pe- 
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Diagram of the flowei 
of Crucifer iv. (Aftei 
SachL.) 
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rianth and androecium are both present, the parts 
are usually equally numerous, and the flower isostem- 
onous. Rarely there are more stamens, often fewer 
than the parts of the perianth, anisostemonous. In 
pentamerous and tetramcrous flowers the carpels are 
usually fewer than five or four. In trimerous or dime- 
rous flowers, and also in spiral flowers, the number of 
carpels is generally increased. Interposed stamens are 
frequent, as in Ericaceai and (leraniac'eje. Siiper[)Osed 
stamens occur in Ampelidaceaj, Primulacem, anti 
Plumbaginacea^, Rhainnaceie, Celastracese, in Hy- 
pericum calycmum and in 'riliacca^. Numerous whorls 
of stamens occur in Aquilegia. l)ediq)lication or De- 
doublement is not unfretpient, while branching of 
stamens occurs in many natural families. 

branching of carpels is rare, but oct urs in the 
Malvaceae. Abortive carpels are called carpodes. 

In dimerous anti trimerous flowers there is often a 
tendency to form more tlian one whorl of eat h part. 
This is seen in Fumariaceae, Cruciferae, and also in 
Berberidaceae. The formula of llerberis is 

Ca 3 + 3 Co 3 + 3 An 3 + 3 (jU !• 

Epimediiim, belonging to the same natural family, 
is 

Ca 2 + 2 Co. 2 + 2 An2 + 2 Cn |» 

The flowers of Rheum are j)cruliar, the formula 
being — 

Ca 3 Co 3 An 3^ + 3 Cn 3. 

In the androecium of Papavcraceae and Rosa* 
cese, the number of whorls of stamens is increased 
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while the actual number of stamens in each whorl is 
variable, thus leading to various complications. 

In dicotyledons it is not possible to refer the 
flower to one tyi^e formula, as in monocotyledons, the 
flowers being apparently constructed on several diffe- 
rent plans. 

In the dicotyledons, as in the monocotyledons, 
abortion of parts is frequent, and the flower may be 
reduced to a single rarj)cl or single stamen. There 
is no trace of a perianth in Salix and Piperaceoe. In 
Populiis the perianth is reduced to a cup-like structure, 
or to hair-hke scales, as in Platanus. In Euphorbia it 
is diihciilt to say whether we have an inflorescence or 
a flower, most probably it is a peculiar inflorescence. 
Perigynous flowers, hollow infloresc ences, as in the 
fig, and the cupule of Quercus and its allies, are 
peculiar to dic otyledons. 

'J'he ovules have frt‘C|ucntly only one thick integu- 
ment, as in the (lamopetuloe. The third integument, 
or aril, is more frequent than in monocotyledons. When 
the two integuments are pre.sent the outer forms jiart 
of^the micropyle, the exostome. In many parasites 
the ovules are rudimentary, in certain Balanophoraceae 
reduced to a naked four-celled nucleus. In Loranthere 
the ovules are fused with the tissue of the floral axis 
in the inferior ovary. 

The embryo-sac is like that of monocotyledons. 
Hie endosperm is generally formed by free-cell for- 
mation. In some cases special growth of the embryo- 
sac takes place, the blind tube-like projections in 
Pedicularis and others sometimes even jirotruding out 
of the ovule. In some plants the endosperm origi- 
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vmhryo-.sa(. h dm Jed In the 
wSt fxittidon hjII tnio fHo hi\lvcs» In I'istum the 
endos|)cnn is formed I)y dnision at the up])er end, m 
I^butx m the middle, and in Loranthiis at the lower 
end of the embr)o sic In N}in]>ha)a, Niij>har and 
Ceratoph}llum the endosperm is lornied b) free cell 
fomntion at the uj)j>cr end of the sk 1 he en 
dosperm is (piitc rudiment ir) in 1 rojKOoliim and 
Tripa, and perispeim occurs in N)mphx\, Piper, and 
others 

The Dicotyledons are chssificd into subordinate 
groups 1 he cl issitic ation of I )e C indolle and hncl 
lie her IS commonly used in this countiy, tint of Braun 
and Hanstein, as gi\en hy Subs, in (ierminy. 'I he 
following classification, modified fiom Prantl and 
I uerssen, nny be adoiited 

bui CiASsI CHOKimAia* — Pet ils never united, 
flow ers often mono or achl imy dc ous 

I JuiiFLORA blowers very small and inconspi- 
cuous, in close inflorescences, as spikes, < ipitula, or 
panicles, usually diclinous, periantli absent, or simple 
and sepaloid. 

Order XI VII Piperinae — Flowers very small, in 
a spike, with small brxets Perianth absent, ovules or 
thotropous, single and axile, or many and parietal 
Embryo small and surrounded by endosperm in a 
cavity in the copious perisperm 

Favnlies . i. Pipcraceae , 2 Saurureie , 3 Chlo- 
ranthaceae 

Order XLVIII UrticinsB. — Flowers small, her- 
maphrodite or unisexual, gencially with a simple 


•■*** % tbiiiwn of 
the 
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perigone of four or five parts, in inflorescences of 
varying form. Stamens usually superposed to parts of 
perianth (except Platanus). Ovary superior, one- 
celled, usually with one ovule. Fruit indehiscent, 
seeds usually with endosperm. 

Fam, : i. Urticaceae ; 2. Moracese ; 3. Artocarpeae ; 
4. Cannabineae; 5. Ulmaceae; 6. Plataneae. 

Order XLIX. AmentacesB. — Flowers small, di- 
clinous, in catkins. Female flowers sometimes sur- 
rounded by a common covering, the cupule, developed 
during the ripening of the fruit. Ovary inferior, 
usually two or more celled, the indehiscent fruit be- 
coming one-celled and onc-seeded by abortion. 
Ovules mostly pendulous, anatropous. Seed with 
large em])ryo ; no endosperm. Trees and shrubs. 

Fam, : r. Betulaccx* ; 2. Oorylaceas ; 3. Cupu- 
li ferae ; 4. ITamamclidaceae. 

JI. T EREiuNTHiN^.. Aromatic plants. Leaves 
usually pinnate, without stipules. Flowers generally 
with perigone, actinomorphic, hermai)hrodite or di- 
clinous. Two whorls of stamens, rarely more, the 
sui)erposcd stamens often wanting. Ovary superior 
or Inferior, of one or more separate carpels, or united 
to form a multilocular fruit ; the cells with one or 
more seeds. 

Order L. Juglandinae. — Flo^vers achlamydeous or 
with a simple perigone. 

Fatn. : i. Myricacem; 2. Juglandaceae ; 3. Casua- 
rineae; 4. Balsamifluai. 

Order LI. Eutinse. — Flowers usually dichlamy- 
deous, rarely the corolla wanting. 

Fam , : i. Terebinthaceae ; 2. Rutacegp. 
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III. Tricoccve. — Flowers diclinous or hermaphro- 
dite, with simple, double, or no perianth. Ovary 
usually three-celled, the partitions united in the 
middle by an elongation of the axis ; one or two 
suspended ovules in each cell. Seed with a fleshy 
appendage, the caruncle, lunbryo surrounded by 
copious endosperm. 

Order LTI. Euphorbiinae. 

Fam. : i. Eiiphorbiaceoe ; 2. Buxaceoe ; 3. Emi)e- 
tracece. 

IV. APHANocYCTacyT. — Spiral flowers, hemicyclic 
or acyclic, the parts of the flower usually separate, 
the parts of the gynoccium sometimes coherent. Pe- 
rianth mostly se[)arable into cal\x and corolla, parts 
variable in number, generally stamens more numerous 
than perianth-leaves. Carpels frequently forming nu- 
merous apocarpous ovaries. 

Order LI IT. Hydrobiyinae. — Water plants, with 
incomplete flowers. 

Fani. : i. Podostcmaccae ; 2. Callitrichaceoe ; 3. 
Hippuridaceac ; 4. Ccratoj>hyllaccfe. 

Order LTV. Nymphaeinfie.- Water ])lants, with , 
large, often floating, leaves, and s])iral flowers. Em- 
bryo surrounded by a small quantity of endosperm, 
and j)laced in a dei)ression in the perisperm. 

Fam. : i. Nynii)ha;aceaj ; 2. Neluinbiace?c ; 3. Ca- 
bombacece. 

Order LV. Poly carpicse. —Flowers s])iial,rarelycy- 
clic; when cyclic, with two or more whorls in each cycle. 
Ovaries numerous (rarely one), one or many seeded. 
Embryo small. Seed with or without endosperm. 

A. Apetalons Fajn. : i. Myristicaceje ; 2. Lauraceae. 
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B. Dichlamydeoits Fam. : 3. Bcrberidacere ; 4. Me- 
nisi^rmaceae ; 5. Magnoliaceae ; 6. Anonaceae \ 7. 
Dilleniaccae ; 8. Ranunciilaccae. 

Order LVI. EhaBadinae. — Flowers hermaphrodite, 
actinomorphic, or zygomorphic. Carpels united. 
Flowers cyclic, often dimerous, each cycle of several 
whorls. Seeds usually without endosperm. 

Fam. : i. Papaveracece ; 2. Sarraceniaceae ; 3. Fu- 
mariaccre ; 4. Cruciferae ; 5. Cai)paridaceoc ; 6. Re- 
scdac'caj. 

Order LVII. OpuntinsB.— Flowers spiral, with nu- 
merous petals and stamens, epigynous \ ovary one or 
more celled, placentas parietal. 

Fam. : i. Cactacece ; 2. Mesembryanthemaceoe ; 

3. Regoniaceae. 

V. Kucvciaa^. — Flowers cyclic, in four whorls. 

Order LVI IT. Parietales. — Perianth in two whorls, 
usually pentamerons. Ovary superior, of three united 
('arpels, one-celled, placentas parietal. Embryo usually 
in centre of endosperm. 

Fam. : i. Violaceae ; 2. Cistaceae ; 3. Droseracese; 

4. Frankeniaccas ; 5. 'rurneracere ; 6. Loasaccce ; 7. 
Passifloraceae ; 8. Papayacea^ ; 9. Bixaceae. 

Order LIX. Guttiferae. — Perianth usually of two 
pentamerous whorls, rarely wanting. Calyx wdth imbri- 
cate, corolla with contorted aestivation. Stamens nu- 
merous or branched. Ovary of from two to five 
carpels, one-celled, with ])arietal jdacentas, or multi- 
locular, with the placentas at the inner angles of the 
cells. Seeds usually without endosperm. 

A. Apetalous Fam. : i. Salicineae. 

B. Dichlamydcous Fam,\ 2. Tamariscineac ; 3, Hy- 



1 86 Classification of Plants. 

pericaccae ; 4. Clusiaceae ; 5. Temstrcemiaccce ; 6. 
Dii)tcrocarpeoe ; 7. Aurantiaccae \ 8. Mcliaceae ; 9. 
Humiriaceae. 

Order LX. Frsuigiilinae. — Flowers actinomoiphic, 
pentamerous or tctrameroiis, usually one whorl of sta- 
mens, alternate or superposed to the corolla. Pe- 
rianth and androcciuin on a disc, which sometimes 
surrounds the ovary. Ovary two to five celled. Seeds 
with endosj)crm, emliryo straight. Woody plants. 

Fam. \ T. Vita( eac; 2. Rhamnacca; ; 3. Celastrincae ; 
4. Aquifoliacex ; 5. Hii)pocrataceaj ; 6. Pittospora- 
ceac. 

Order LXT. iEsculinae. — Flowers generally zygo- 
mori)hic. Stamens usually eight by dealoiiblenient or 
partial abortion of an interposed whorl. Ovary fre- 
quently surrounded by a disc, ("arpcls two or three, 
ovary two or three-celled, with one or two anatropous 
ovules. Seeds without endosperm. Embryo straight 
or curved. Usually trees or shrubs, 

Farn, : i. Sajundaccoe ; 2. Malpighiaccae ; 3. Ery- 
throxylaceas ; 4. Tropoeolaceac ; 5. Polygalaccae ; 6. 
Tremandreie. 

Order LXII. Ominales. — Flowers actinomorphic, 
rarely zygomorphic. Stamens ten, with interjioscd 
whorL Caq)cls five, united ovary superior, five-celled 
or ten-celled by false jmrtilions. Fruit capsular. 

Faffi, : I. Balsaminese ; 2. Oxalidese ; 3. Zygophyl- 
leae ; 4. Linaceae ; S- Geraniacece. 

Order LXIIL ColumnifersB. — Calyx valvate, 
corolla usually with contorted oestivation. Stamens 
branched, and generally united, indefinite. Car- 
pels two or indefinite, usually five, forming a many- 
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celled ovary by branching when young. Seeds with 
little endosperm surrounding the embryo. 

Faffi, i I. Sterculiaceae ; 2. Tiliaceoe ; 3, Malva- 
ceoe. 

VI. Centrosperm^. — Corolla often absent. Ovary 
superior, one-cellcd ; ovules single and terminal, or 
on an elongated axile placenta. Flowers actinomor- 
phic, usually hermaphrodite. 

Order JAIV. Polygoninae. — Perianth of one or 
two whorls, generally trimerous, hexamcrous, or pen- 
tamerous, petal oid, or sometimes sepal oid. Stamens 
simple, in one or two whorls, generally six, eight, or 
nine, alternate or superposed to parts of perianth, t \ar- 
pels two or three ; ovary one-celled, with one ortho- 
tro[)oiis central and terminal ovule, h'ruit covered by 
the persistent p(Tianth. Endosperm farinaceous. 
Leaves si)irally arranged, sheathing with a closed 
tubular stipule, the ochrea. 

Fam.: i. Polygonaceae. 

Order LXV. Caryophyllineae. — Perianth of two 
whorls, the corolla sometimes wanting. Calyx some- 
, times j)etaloi(l. Number of parts vaiia])le. Stamens in 
one *or two whorls, often partially abortive, rarely 
branched. Ovary of one to five carpels, usually one- 
celled. Ovules aiiatropous or cami)ylotropous, one 
or more on an axile placenta. Embryo long, curved 
in the periphery of the endosperm. Leaves usually 
opposite and decussate. 

Fam. : i. Nyctaginese ; 2. Chenopodiaceae ; 3. Ama- 
rantaceae ; 4. Caryophyllaceaj ; 5. Phytolaccaceae ; 6. 
Portulacaceae. 

VI I . CALYCiFLORiE. — Flowers perigynous or epigy- 
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nous, gyncecium superior or inferior, surrounded by o 
disc. 

Order LXVI. SerpentarisB. — Perigone simple, usu- 
ally ])etaloid. Andrcccium and gynnccium more or 
less adherent, ovary many-rellcd. Kmbryo small, in 
the centre of the cndos[)erm, or rudimentary, with or 
without endosi)erm. 

Paw.: I. Aristolochiaccaj; a. Ncpcnthaceaj ; 3. 
Rafflesiaeea3. 

Order J .XV 1 1. Santalinse. — Parasites with or wi th- 
out chlorophyll. Stamens snj)crposcd to the ])erigone 
leaves, and e(inally numerous. 0\ary one-^'clled. 
Seeds often without integument. Kmbryo large or 
small, usually with endosperm. 

Paw . : I. Santalarex; 2. I .oraiuhac'ccc ; 3. llalano- 
phoraceae. 

Order LXVIIT. Thymelinae. — Perigone simple, 
generally foiir-lobed, sepaloid or petaloid, the lower 
j)art surrounding the gyncec'ium. Stamens inserted in 
ii])per ])art of tube in one or two whorl'?. Ovary 
generally one-cellcd, with one anatropous ovule. Kn^ 
dos})erm scanty or absent. , 

Paw.: I . Phymelacaceae ; 2. Klaeagnaceic ; 3. Pro- 
teacete. 

Order LXIX. Umbelliflorge. — Idowcrs e])igynous, 
in umbels. Ovary usually two-celled, sometimes 
multicellular, with a single i)endulous anatropous 
ovule, and well-developed disc. Seed with copious 
endosperm. No stijniles. 

Pam . : i. Cornaceae; 2. Araliaccte; 3. U ml )elli ferae. 

Order LXX. Saxifraginse. — Flowers ])erigynous 
or epigynous, usually pentamerous. Ovary generally 
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two-celled, with numerous ovules on the septa ; some- 
times apocarpous. Ovules usually anatropous, with 
endosperm. Embryo straight. 

Fam, : i. Elatinaceoe; 2. Crassulacetc ; 3. Saxifra- 
gaccaj; 4. Grossulariaceaj. 

Order LXXI. MyrtiflorsB. — Flowers perigynous or 
epigynous, sometimes zygomorphic, usually pentame- 
roLis, sometimes tetra-, di-, or hexa- merous. Stamens 
often numerous, sometimes branched. Ovary gene- 
rally multilocular, with numerous horizontal anatro- 
pous ovules attached to a central placenta. 

Fam, : i. Gunneraceoe ; 2. Halorrhagidoe \ 3. Rhi- 
zophoracccc ; 4. Onagraceoe ; 5. (bmbretacece ; 6. 
Melastomaceai ; 7. l.ythraceai ; 8. Myrtaceoe. 

Order LXXII. Eosifiorse. — Flowers perigynous. 
Stamens numerous, in many whorls, rarely one whorl 
or one stamen ; when numerous the outer whorls alter- 
nate with petals. Ovaries one-celled, usually nume- 
rous, apocarpous, rarely byncarj)Ous, and multilocular, 
often at the base of the hollow receptacle, calyx-tube 
or hyiianthodium, or on a prolongation of the axis, 
pvules anatropous, erect or pendulous. Seeds usually 
withdiit endosperm. Pseudocarjis often formed. 

Fam.\ I. Calycanthaceoc ; 2. Monimiaceae ; 3. Po- 
maceae ; 4. Rosaceai ; 5. Poteriaceaj ; 6. Dryadaceae \ 
7. Ncuradaceac ; 8. Spirseacete ; 9. Amygdalaceae ; 10. 
Chrj^sobalaneae. 

Order LXXIII. Leguminosae. — Flowers actino- 
morphic or zygomorphic, usually iientamerous, not 
properly perigynous, but with corolla, androecium and 
gynoecium placed on an expansion of the axis inside 
the tubular calyx. Stamens usually ten, united into a 
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lube, rarely three or many, free or united. Gynoecium 
ofone caq^el. Ovary superior. Fruit usually a legume, 
sometimes with s])urious longitudinal or transverse 
partitions. 

Fam. : i. iMimosca; ; 2. Ccesalpiniacese ; 3. Papil- 
lionaccae. 

Sub-Class II. Gamopetal.^:. — Petals united into a 
tube, or at least united at the base, scarcely quite 
separate, rarely wanting. 

I. IsocARPKE. — Carpels as many as sepals and pe- 
tals. Ovary generally superior. 

Order LXXIV. PrimulinsB — Flowers usually pen- 
tamerous, rarely zygomorphic. Stamens almost always 
epipetalous and superposed. Ovary generally superior, 
one-cellcd, with a free central placenta or single cen- 
tral ovule. Carpels superposed to sepals. 

Fan/.: 1. Primulaceae; 2. Myrsincx* ; 3. Plumb 1 gin eae. 

Order LXXV. Diospyrin®. — l^arts of flower va- 
riable in number, actinomor[)hic. Stamens epii)etalous, 
or on a receptacle, often twice as many as petals. 
Ovary superior and multilocular. Ovules one or two, 
rarely more, in each cell. Placentas parietal. Fruit 
usually fleshy. Seed with or w'ithoiit endosperm. 

Fam. : i. Sapotacex ; 2. ELenacex ; 3. Styracacese. 

Order LXXVI, Bicoraes. — Flowers tetramerous 
or pentamcrous. Stamens twice as many as petals, 
the interposed whorl rarely absent, all inserted with 
the corolla on an inferior, rarely superior, ring. Pol- 
len grains usually cohering in fours. Ovary superior or 
inferior, multilocular ; placenta large, projecting for- 
ward into the cavity of the loculament. Seeds with en- 
dosperm ; carpels superposed to petals. 
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Fam . : i. Epacridaceae ; 2. Ericaceae ; 3. Vaccinieae ; 
4. Rhodoraceae ; 5. Pyrolaceac ; 6. Monotroi)aceae. 

IL Anisocarpea:. — G enerally with only two me- 
dian carpels, united to form the ovary. Parts or whorls 
never increased in number. 

a. Hypogyncc . — Ovary superior. 

Order L}0(^VIL Diandrae. — Flowers usually dime- 
rous or tetramerous. Stamens two, lateral, epipctalous ; 
two median car])els. Ovary two-celled, each with two 
seeds ; style one. Leaves generally opposite and de- 
cussate \ no stipules. 

FiWL : I. Oleacea) \ 2. Jasmin eoe. 

Order LXXVIII. ContortSB. — Flowers usually 
pentamerous. Corolla twisted to the right in the bud. 
Stamens epipctalous; two median carpels. Leaves 
generally opposite and decussate, without stipules. 

Fam, I, Gentianaceoe ; 2. Apocynaceoe ; 3. Ascle- 
piadacece. 

Order LXXIX. TubiflorsB. — Flowers pentamerous, 
actinomorphic, rarely zygomorphic, if so, not median 
symmetrical. Stamens epipetaloiis. Ovary of two 
^rarely five) carpels. Leaves alternate ; no stipules. 

J^am, : i. Convolvulaceje ; 2. Cuscutacea^ ; 3. Po- 
lemoniacea) ; 4. llydrophyllaceai ; 5. Boragineae ; 6. 
Solanaceae. 

Order LXXX. LabiatifloraB.— Flowers pentame- 
rous, zygoinorjihic, corolla generally labiate, the two 
posterior petals united to fomi a helmet-like bent 
upper lip ; anterior petal and often two lateral petals 
forming the lower lij). Posterior stamen often want- 
ing; the two lateral generally shorter than the two 
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anterior, didynamous ; two median carpels forming a 
two-celled ovary. Leaves alternate or opposite. 

Fam , : i. Labiatae ; 2. Scrophulariacese ; 3, Len- 
tibulariaceae ; 4. Gesneraceae , 5. Bignoniacese ; 6. 
Acanthaceae ; 7. Globulariaceae ; 8. Verbenaceae ; 9. 
Plantaginaceae. 

/ 3 . — Ovary inferior. 

Order LXXXl. Campanulinae. — Flowers actino- 
morphic or zygomorphic, ])entamerous ; gyna^cium of 
from two to five united carpels. Stamens often co- 
herent, rarely adherent to gynoecium, sometimes par- 
tially abortive. 

Earn, : i. Campanulaceae ; 2. Lobeliaceae \ 3. Styli- 
(liaceae ; 4. Goodeniaceae ; 5. Cucurbitaceae. 

Order LXXXII. Aggregatae. — Flowers actino- 
morjihic or zygomorphic, generally in capitula or 
close inflorescences, usually pentamerous or tetrame- 
rous. Stamens as numerous as parts of the corolla, 
and epipetalous. Calyx often rudimentary, papi>ose. 
Carpels two to five, united. 

Fa 7 n , : i. Rubiaceae ; 2. CaprifoHaceae ; 3. Vale- 
rianaceae ; 4. Dipsacaceae ; 5. Compositae. 

According to Schimper,the Dicotyledons are repre- 
sented in a fossil state by 361 genera and about 2,032 
species. Dicotyledons are first met with in the Chalk, 
most of the great divisions being there represented : — 
The Juliflorae by Ficus, Platanus, Quercus, Castanea, 
Fagus, Dryophyllum ; the Terebinthinae by Liquid- 
amber j the Tricoccae are not represented in the 
Chalk ; the A])hanocyclicae by Da])hnophyllum, Sassi- 
fras, and Magnolia ; the Eucyclicae by Salix, Populus, 
Cissites, Pterospermites ; the Centrospermeae are not 
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represented in the Chalk. The Calyciflorse by Aristo- 
lochia, Araliophyllum, Myrtophylliim, andPyrus ; the 
only representative of the (iamopetalae in the Chalk 
is Leucothoe (Ericacece). In the Tertiary all the orders 
are represented exccjU Piperinae, Hydrohryinae, Opun- 
tinae, and Campanuhnoe. The following important 
families of other orders arc not as yet known to occur 
in a fossil state : — Buxaceae, Empetracese, Cabombacese, 
Myristicacese, Dillcniaceai ; none of the Rhceadince, 
except two gen era of Cruciferai, Lepidium andClypeola, 
in tlie Tertiary ; none of the l^arietales except Vi- 
ohnem, Cistacea^, and Bixaceac ; no Tamariscincse, Hy- 
pericacese, Aurantiacc<x, PolygalacCcC, Tropreolacese ; 
no Gruniales excci)t Zygophyllere ; and no Malvacere. 
Polygona('ex, Nyc'tngineai, and Chenopodiaceac are 
present in the d'ertiary, but ( aiy^ophylhu eae, Amaran- 
tacene, and Portulac'aceai are absent. Many families 
of (iamopetah'e are ju'cscnt in the Tertiary, but the 
following are absent, viz. : — Ej)acndace9e, Pliimba- 
gineae, Primulaceae, Valerianaceae, Dipsacacese, Jas- 
inineai, IMantaginaceic, Acanthacete, Gesneraceae, 
Lentibulariacea*, Labiatte, Poleinoiliacece. 
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‘A sirapl easj and tery pleisant 
introdu tun to the studs of [h>sical 
Seienee Si\si)\kd 

‘The explanations of the Seituus 
are lui id 1 he lessons nu et both 

toichers and students requirements 
as m excellent ixposition of the elt 
Kicntsof raechanics AKCHII^e^ 

‘ We are glad to rec onimend Mr 
MaciNUS s lessons as euming up to the 
standard jirnposed by the Authoi f >r 
111 element ir> work it tnec eisy 
enough for a beginner, and at the 
saiiK timf tnbrding i trustworthy 
basis for the subsequent work of the 
student' Lot e-vi loNAL 1 jMi . 

‘ 1 he style is lucid, llie solved exer 
cises carefully chosen, the work com 


pact - What we ronsidcr to be 
higher pi use is thit wc Ik hevr n to 
I oiitun n ithiii.., tliat tie student will 
have to unlearn in a subsequent portion 
of hiseireei We i m reiommeiu it 
as a trubtw orth> introdueti n to more 
advanced text books.' N MLHt 
‘ Preparation for examination in 
element try nuehanics requires a 
th( rougli grounding in the pnricijiles, 
and It least is much eveid e m their 
appi cation is is found necessary in 
arithtnetK ind ilgel ra Mr M \G 
MSS book seems admirably adapted 
to furnish tlwse two requntments 
Jlieordti is scieniihcally kignal, and 
appears to possess adv mtages m 
le i( hitig 1 he pi inciples are lucidly 
explained and illustrated ' 

ScHOOLMASTFR. 
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